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1.  PAEOTBI  OAO  «mmrc»  B  OEJIACTH  TEnJI03AIIIMTBI  H IIPEOBPA30BAHHH 
TOITJIHBA.  ^OCTH5KEHHfl  H  nEPCIIEKTHBBL 

A.B.  Kopa6ejibHHKOB,  A.JI.  KypaHOB 

OAO  «HMTirC»  XK  «JIenuHeif»,  CaHKm-Ilemepdypz 

B  pa6oTe  paccMOxpeHbi  ocHOBHbie  HayHHO-xexHHuecKHe  npo6jieMbi  pa3pa6oTKH 
yTHJiH3aiiHH  Tenna  h  KOHBepcnH  yraeBO^opoaHoro  xonjiHBa  npHMeHHxenbHO  k  3HeprexHHecKHM 
h  ziBHraxeJibHtiM  ycTaHOBKaM  pa3JiHHHoro  Ha3HaueHHa.  ripoBezieHHbiH  hhkji  pacuexHO- 
xeopexnuecKHX  h  OKcnepHMeHxanbHbix  HCCjieflOBaHHH  3ajioxcHJi  6a3HC  fljra  peuieHHH  MHorax 
3axtaH,  cxoamHx  nepe/t  pa3pa6oxuHKaMH  cHexeMbi  akxHBHOH  xennoBOH  3amHTW  h 
npeo6pa30BaHHa  TonjiHBa  TJIA  Ha  yrjieBoziopoflHOM  TonjiHBe. 

B  xorq  BbinojiHeHHa  paSoTbi 

-  npoBeaen  aHajiH3  xhiiob  3H^0TepMHHecKHx  npoueccoB  (xepMHuecKHe  h 
KaTaJiHTHnecKHe),  pa3JiHHaK)HiHxca  no  acopocra,  TennoBOMy  3<|>(f)eKxy  h  cociaBy 
nojiynaeMbix  nponyRTOB; 

-  pa3pa6oTaHa  HByxcxyneHHaxaa  cxeMa  KOHBepcnH  >KHnKHx  ymeBonoponoB; 

-  cc})opMyjiHpOBaHbi  TpeooBaHna  k  6opxobhm  KaxanH3axopaM  h  xepivroxHMHHecKHM 
peaKTOpaM  xax  3JieMeHxa\i  KOHcxpyKLiHH  xpaHcnopxHbix  cpencxB; 

-  BbmejieHbi  xnnbi  KaxajiH3axopoB  (nnaHapHbie  h  KapxacHbie),  Hcno;ib30BaHHe  xoxopbix  b 
peaxxopax  xenJioBOH  3amnxbi  no3BOjmx  cnenaxb  hx  KOHCxpyKijHH  nerKHMH,  npoHHHMH, 

Majioe  ranpaBJinnecKoe  conpoxHBJieHHe  h  BbicoxHe  xenjioMaccoo6MeHHbie 
xapaxxepHCXHKH; 

-  pa3pa6oxaHbi  ochobw  xexHOJiorHH  ra30xepMHHecicoro  h  xoaonnoro  rasonHiiaMHuecKoro 
HanbmeHna  KaxajmxHHecKHX  noKpuxHH; 

-  npoBenenbi  pacnexbi  o  rneJibHbix  xepMOXHMHuecKHX  peaxxopoB  h  hx  CHexeM  c  noMombio 
pa3pa6oxaHHbix  aaropHXMOB  h  nporpaMM; 

-  o6o6ineHbi  peayiibxaxbi  MHoroHHCJieHHbix  jiabopaxopHbix  h  cxennoBbix  HcnwxaHHH 
XepMOXHMHHeCKHX  peKXOpOB,  nOKa3bIBaiOmHe  B03M0>KH0CXb  xepMOXHMHHeCKOrO 
npeo6pa30BaHHH  Hcxonnoro  xonjiHBa  c  pa3H0H  cxeneHbio  KOHBepcHH  h  b  niHpoKOM 
nnaria30He  xenaoBbix  Harpy30K. 

flanbHeHfflHe  nepcneKXHBbi  paSoxbi  cBH3aHbi  c  nojiyueHHeM  H3  ncxo^Horo 
yrjieBonopoziHoro  xonjiHBa  cMecefi  pa3JiHHHoro  cocxaBa  h  nsyueimeM  nponeccoB  hx  ropeHua, 
HcnoJib30BaHHeM  b  KanecxBe  KaxaJiH3axopoB  MexannoB  h  cruiaBOB  c  aMopiJmoH, 
MHKpoKpHcxajuiHHecKOH  h  HaHO(|)a3HOH  cxpyxxypaMH,  a  xaioxe  c  pacmnpeHHeM  xpyra 
paccMaxpHBaeMbix  sHnoxepMHnecKHX  peaxiiHH  h  ycaoBHH  hx  npoBeaeHHa  b  pa3JiHHHbix 
3HeprexHnecKHx  h  ziBHraxejibHbrx  ycxaHOBKax. 


1.  WORKS  BY  HSRI  [NIPGS]  IN  THE  SPHERE  OF  THERMAL  PROTECTION  AND 
FUEL  MODIFICATION.  ACCOMPLISHMENTS  AND  PERSPECTIVES. 

Korabelnikov,  A.V.,  Kuranov,  A.L. 

Hypersonic  Systems  Research  Institute  of  the  Leninetz  Holding  Company, 

St.  Petersburg 

In  this  paper  basic  scientific  and  technical  problems  associated  with  heat  utilization  and 
hydrocarbon  fuel  conversion  as  applied  to  energy  and  propulsion  systems  of  various  designations 
are  reviewed.  The  conducted  cycle  of  computation-theoretical  and  experimental  investigations 
laid  the  groundwork  for  solution  of  many  problems  facing  the  developers  of  active  thermal 
protection  and  hydrocarbon  fuel  transformation  system  of  hypersonic  flight  vehicle.  In  the 
process  of  work  the  following  was  done: 
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-  analysis  of  endothermic  process  types  (thermal  and  catalytic)  that  differ  in  velocities, 
thermal  effect  and  obtained  product  compositions  has  been  performed; 

-  two-stage  scheme  of  liquid  hydrocarbon  conversion  was  developed; 

-  requirements  to  the  on-board  catalysts  and  thermochemical  reactors  as  structural 
components  of  transport  vehicle  were  formulated; 

-  catalyst  types  (planar  and  frame)  have  been  identified;  their  usage  with  the  reactors 
of  thermal  protection  will  help  make  their  structures  more  light  and  durable, 
possessing  low  pressure  loss  and  high  thermal-and-mass-exchange  characteristics; 

-  foundations  of  gasthermal  and  cold  gasdynamic  spraying  techniques  for  catalytic 
coats  have  been  developed; 

-  computations  of  some  thermochemical  reactors  and  their  systems  utilizing  algorithms 
and  programs  developed  have  been  carried  out; 

-  the  results  of  numerous  laboratory  and  bench  tests  of  thermochemical  reactors 
proving  feasibility  of  thermochemical  transformation  of  the  basic  fuel  with  various 
conversion  degree  and  in  a  wide  range  of  thermal  loads  have  been  generalized. 

Further  work  perspectives  are  associated  with  the  production  from  basic  hydrocarbon  fuel 
of  different  composition  mixtures  and  study  of  their  combustion  processes,  utilization  of  metals 
and  alloys  with  amorphous,  microcrystalline  and  n-phase  structures  in  the  capacity  of  catalysts, 
as  well  as  expansion  the  range  of  endothermic  reactions  under  consideration  and  conditions  of 
their  running  in  various  energy  and  propulsion  systems. 


2.  PA3PABOTKA  H  HCCJIE^OBAHHE  KATAJIHTHHECKHX  HAHOMATEPHAJIOB 
C  AMOPOHOH  H  MHKPOKPHCT A JI JIHHECKOH  CTPYKTYPOH  flJM  IIAPOBOH 

KOHBEPCHH  YrJIEBOflOPOflOB 

B.  B.  <l>apMaKOBCKHH*,  T.  C.  BwHorpaaoBa*,  A.B.KopaSejibHHKOB**, 

AJI.KypaHOB** 

*  OedepcuibHoe  zocydapcmeennoe  ymimapnoe  npednpmmue  Lfeumpcuibubiu  nayuHO- 
ucaiedoeamenbCKUu  uHcmumym  KOticmpyKijuOHHbix  Mamepuanoe  “IJpoMemeu  ”, 

CaHKm-IJemep6ypa 

**OAO  «mnrc»  XK  «JleHUHey»,  CanKm-IIemepdypz 

TexHOJiorHH  nojiyueHHa  BbicoxonopHCToro  KaiajiHTHHecKoro  HOCHTena  ajih  napoBOH 
KOHBepCHH  TOnJIHBa  3aKJIK)HaeTCH  B  HaHeceHHH  nopOUIKOBOH  K0Mn03HUHH,  COCTOHIUen  H3 
ajiKDMHHHa,  raapoKCH/ia  ajnoMHHHa  h  npoMOTHpyiomHX  ,zjo6aBOK  na  MeTajuiHuecKyio 
noflJioxcKy.  OioacHbie  MeTaJui-OKCH/iHbie  CHCTewti  Al/Ni/Cr/£P3M,  HMeiomne  aMoptJmyio  h 
MHKpOKpHCTaJUIHHeCKyK)  CTpyKTypy,  npOHBJIHIOT  BblCOKyiO  KaTaJIHTHHeCKyiO  aKTHBHOCTb  B 
peaximax  KaxanHTnuecKoro  okhcjichha  MeiaHa.  KaTajiHrauecKaa  aKTHBHOCTb  aMop4)Hbix 
cn/iaBOB  H3MeHaeTca  b  mnpoKHx  npe^enax,  3aBHCHT  ot  hx  XHMHHecKoro  cocTaBa  h  uacTO 
ycmiHBaeTCH  npn  finaronpuaTHOM  JiernpoBaHHH  h  aKTHBamm  noBepxHOCTH .  Hanpnwep,  j\m 
nOBblUieHHH  3^)(J)eKTHBHOCTH  aMOp^HblX  KaTaJIH3aTOpOB  CHCTeMbI  HHKeJIb-aJIIOMHHHH 
npoH3Bozuijm  xojioflHoe  ra3o^HHaMHHecKoe  HanbuieHne  cMecn  HHKejia  h  coezumeHHH 
ajnoMHHHa  h  xHMHHecKoe  pacTBopeHHe  amoMHHHa  b  pacTBope  KOH,  hto  npnBOflHJio  k 
yBeiinHeHHK)  inepoxoBaTocra  h  o6men  nnoma^n  noBepxHocm  IIpaKTHHecKHH  HHTepec 
npezicTaBJiaeT  BBe/teHne  b  KaiajiHTHHecKyio  KOMno3Humo  pa3JiHHHbix  nopoo6pa3yiomHX 
coejjHHeHHH,  h,  xax  cne^cTBHe,  yBejiHHeHne  yaenbHOH  noBepxHocra  h  KaTaJiHrauecKOH 
aKTHBHOCTH  06pa3U0B. 

H36biTOHHaa  3Heprna  aMopcJmoro  cocToaHHa  MeTaJiJiHuecKHX  cnaaBOB  no  cpaBHemuo  c 
KpncTaJuiHHecKHM  cocToaHHeM  npe^onpeaenaeT  noBbimeHHyio  KaTajiMTHHecKyio  aKTHBHOCTb 
aMop(J)Hbix  cnaaBOB  b  paae  npoueccoB  OKHCjieHna.  Flpupo^a  aKTHBHbix  uempoB  Ha 
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noBepxHOCTH  avropcfmbix  cnjiaBOB  eme  o,HH03HaHHO  He  ycTaHOBjieHa.  IIpeanojiaraeTca,  hto 
aKTHBHBie  IieHTpbl  KpHCTaJUIHHeCKHX  H  aMOp(J)HbIX  KaTaJIH3aTOpOB  HAeHTHHHbl,  Tax  KaK  3HeprHH 
aKTHBauHH  pacmenjieHHH  cbh3h  C-0  cocxaBJiaeT  100±4  k^ik/mojib,  He33BHcnMO  ot  cociaBa 
cnaaBa  h  ero  coctoshha  (KpHCTajumnecKoe,  aMopifmo-KpHCTajuraHecKoe,  aMop(|)Hoe). 

B  BHfly  OTCyTCTBHH  CHCTeMaTHHeCKHX  HCCJie^OBaHHH  BJIH3HHH  H3MeHeHHH  HCXOflHOH 
aMOp(J)HOH  CTpyKTypbl  Ha  aKTHBHOCTb,  HaMH  paCCMOTpeHa  aKTHBHOCTb  KpHCTaJIJIHHeCKHX  H 
aMOp(|)HbIX  KaTaJIH3aTOpOB  OflHOH  H  TOH  )Ke  CHCTeMbI,  nOJiyneHHblX  pa3JIHHHMMH  MeTO,aaMH, 
noKa3aHa  nepcneKTHBHOCTb  Hcnonb30BaHHa  KOMSHHHpoBaHHbix  mctoziob  HaHeceHHn 
(JjyHKHHOHaJIbHblX  nOKpbITHH  KaTaJIHTHHeCKOTO  Kiiacca.  OnTHMH33HHa  XHMHHeCKOrO  COCTaBa  H 
CTa6HjiH3aHHH  aMop(J)Horo  coctoshha  no3BOjnrr  HaH6ojiee  nonHO  Hcnojib30BaTb  Bbicoxyio 
nnoTHOCTb  axTHBHbix  neHTpoB,  6ojibmyio  yaejibHyio  noBepxHocTb  aMopc})Hbix  cnnaBOB,  hx 
3HaHHTeJIbHyiO  npOHHOCTb  H  BH3KOCTB  peryjIHpOBaHHfl  K3TajIHTHHeCK0H  3KTHBH0CTH  H 

TenjroripoBO^HocTH  njiaHapHbix  K3TajiH3aTopoB. 


2.  DEVELOPMENT  AND  INVESTIGATION  OF  CATALYTIC  N-MATERIALS  WITH 
AMORPHOUS  AND  MICROCRYSTALLINE  STRUCTURES  FOR  STEAM 
HYDROCARBON  CONVERSION 

Farmakovsky,  B.V*.,  Vinogradova,  T.S*.,  Korabelnikov,  A.V**.,  Kuranov,  A.L**. 

**  “Prometheus”  Federal  State  Unitary  Enterprise  (FGUP)  TsNII KM,  St.  Petersburg 
Hypersonic  Systems  Research  Institute  of  the  Leninetz  Holding  Company, 

St.  Petersburg 

Production  technique  for  highly  porous  catalytic  carrier  required  for  steam  fuel  conversion 
is  in  application  of  powder  composition  consisting  of  aluminum,  aluminum  hydrate  and 
promoting  additives  onto  metallic  substrate.  Complex  metal-oxide  systems  Al/Ni/Cr/EREM  with 
amorphous  and  microcrystalline  structures  display  high  catalytic  activity  in  the  reactions  of 
methane  catalytic  oxidation.  Catalytic  activity  of  amorphous  alloys  can  vary  in  a  wide  range 
depending  on  their  chemical  composition  and  tend  to  frequently  increase  with  favorable  alloying 
and  surface  activation.  For  example,  in  order  to  increase  efficiency  of  amorphous  catalysts  of  Ni- 
A1  system,  cold  gasdynamic  spraying  of  nickel  and  aluminum  compounds  mixture  has  been 
performed  followed  by  chemical  dissolution  of  aluminum  in  KOH  solution,  the  result  being 
increase  in  surface  roughness  and  its  total  area.  Of  a  practical  interest  is  introduction  into 
catalytic  composition  of  various  pore-forming  compounds  and,  as  a  consequence,  increase  of 
specific  surface  and  the  samples  catalytic  activity. 

Excessive  energy  of  metallic  alloys  amorphous  state  as  compared  to  crystalline  state  pre¬ 
determines  high  catalytic  activity  of  the  amorphous  alloys  in  a  number  of  oxidation  processes. 
The  nature  of  active  centers  on  the  amorphous  alloys  surface  has  not  been  established  for  a 
certainty  as  yet.  It  is  suggested  that  active  centers  of  crystalline  and  amorphous  catalysts  are 
identical  as  activation  energy  of  C-0  bond  cleavage  makes  1 00±  KJ/mol  irrespective  of  the  alloy 
composition  and  its  state  (crystalline,  amorphous-crystalline,  amorphous). 

Due  to  the  lack  of  systematic  investigations  on  the  effect  of  the  initial  amorphous  structure 
variations  upon  activity  we  have  considered  activity  of  crystalline  and  amorphous  catalysts  of  the 
same  system  that  were  obtained  by  different  techniques  and  indicated  the  prospects  of  using 
combined  methods  of  functional  catalytic  coating.  Optimization  of  chemical  composition  and 
stabilization  of  amorphous  state  would  allow  usage  to  the  fullest  degree  possible  of  the  high 
density  of  active  centers,  large  specific  surface  of  amorphous  alloys,  their  significant  strength 
and  viscosity  required  for  control  of  catalytic  activity  and  heat  conductivity  of  planar  catalysts. 
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3.  CyCIIEH3H0HHI>IH  METO/J  CHHTE3A  KATAJIH3ATOPOB  nAPOBOH 

KOHBEPCHH  YTJIEBOflOPO/JOB 

E.A.BjiacoB,  A.JO.IIocthob,  H.B.MajibneBa,  A.H.IlpoKoneHKO 

CaHKm-IlemepdypzcKUu  zocydapcmeerntbiu  mexHonozmecKuu  uncmumym 

(T exHmecKuu  yuueepcumem) 

PemaeMaa  b  Hacroamee  BpeMa  3a^ana  co3AaHHa  3HepreTHHecKHx  yciaHOBOK  Majion 
cahhhhhoh  moiuhocth,  pa6oTaiomHx  Ha  pa3JiHHHOM  yrJieBOflopo/iHOM  cbipse,  no  pa^y  npHHHH 
He  no3BoaaeT  Hcnojn>30BaTB  cymecTByiomHe  KaTanH3aTopbi  KOHBepcHH.  Bhobb  co3AaBaeMbie 
KaTaJIHTHHeCKH  aKTHBHbie  K0Mn03HTBI  AOJPKHbl  o6aa^aTB  pa/IOM  yHHKaJIbHBIX  XapaKTepHCTHK  H, 
b  nepByio  onepe^b,  oOecnenHBaTb  Bbicoxyio  aKTHBHOCTbio  b  ihhpokom  HHTepBane  TeMnepaTyp 
npn  KOHBepcHH  >khakhx  h  ra30o6pa3Hbix  yrneBOAopoAOB.  OnbiT  sKcnjiyaTaijHH  KaTajiH3aTopOB 
HaHeceHHoro  rana,  nojiyneHHbix  c  npHMeHeHHeM  pa3JiHHHbix  HaHOTexHOJiorHH,  noKa3biBaeT, 
hto  ocHOBHaa  npo6jieMa  3aKjnoHaeTca  He  b  BbiSope  KaTajiHTHnecKH  aKTHBHOH  KOMno3HHHH,  a  b 
3aKpenaeHHH  KOMno3HTa  Ha  noBepxHocTH  MeTajuiHHecKoro  HocHTena.  OcHOBHaa  npHHHHa 
CHHaceHHa  aKTHBHOCTH  TaKHX  KaTanH3aTopoB  o6ycjioBjieHa  pa3pymeHHeM  cjioh  aKTHBHoro 
KOMnoHeHTa  no/r  bo3achctbhcm  OKHCJiHTe.ibHOH  cpe/ibi  h  bbicokoh  TeMnepaxypbi,  hto 
o6bacHaeTca  pa3JiHHHbiMH  K03<t)4)HnHeHTaMH  TeMnepaTypHoro  pacniHpeHHa  no/uioacKH  h 
HaHeceHHoro  KOMno3HTa.  nporpecc  b  pemeHHH  ashhoh  npo6neMbi  MoaceT  6biTb  AOcrarHyT 
npn  HCn0JIb30BaHHH  KaTaJIH3aTOpOB  c  BTOpHHHbIM  HOCHTeJieM,  KOTOpblH  BbinOJlHaeT  pOJIb 
Aeiun^epa  M«KAy  MeTajumnecKOH  ochoboh  h  aKTHBHbiM  KOMnoHeHTOM. 

TexHonoraa  co3AaHHa  KaTajtH3aT0pa  mctoaom  cycneH3HOHHoro  HaHeceHHa  BKjnonaeT  b 
ce6a  Tpn  ocHOBHbie  ct3ahh: 

1.  IloAroTOBKa  h  aKTHBapna  MeTaJiJiHHecKoro  HocHTena  -  ro^pupoBaiiHOH  jieHTbi  H3 
cnjiaBaX15K)5. 

2.  HaneceHHe  cycneH3HH  BTopHHHoro  HocHTena,  npnroTOBjieHHOH  mctoaom  MexaHO- 

XHMHnecKOH  aKTHBanHH  h  nocneAyiomaa  TepMoo6pa6oTKa.  OcHOBy  cycneH3HH 
COCTaBJiaiOT  pa3JIHHHbie  MOAHtJWKaUHH  OKCHAa  aJHOMHHHa  c 

TepMOCTa6HJIH3HpyiOIHHMH  H  CTpyKTypOo6pa3yK>IHHMH  A06aBKaMH. 

3.  BBeACHHe  HHKenbcoAepacamero  coenHHeHHa  h  TepMo6pa6oTKa  KaTaJiH3aTopa. 

la  onTHMroaijHH  cTpyKTypbi  h  npOHHOCTHbix  xapaKTepncTHK  KOMno3HTa,  cocToamero 
H3  nepBHHHoro  h  BTopHHHoro  HOCHTenen,  npoBeAeHbi  HccneAOBaHHa,  KOTOpbie  no3BOJiH;m 
ycTaHOBHTb  KoppejiapHio  Meacny  peojiorHHecKHMH  noKa3aTejiaMH  cycneH3HH  BTopHHHoro 
HocHTena  h  xapaKTepncTHKaMH  CHHTe3HpoBaHHbix  KOMno3HTOB.  OnpeAeaeHbi  MHHHMaabHbie 
3HaneHHa  BenHHHHbi  CABHraioujero  HanpaaceHHa,  npn  KOTopbix  rapaHTHpyeTca  Hanaynuree 
KOHTaKTHpoBaHHe  pa3acHaceHHOH  cycneH3HH  h  aKTHBHpoBaHHon  noBepxHocTH  nepBHHHoro 
HocHTena.  PeHTreH0(J)a30BbiM  3HajiH30M  ycraHOBneHO,  hto  TpeSyeMbie  npoHHOCTHbie 
xapaKTepHCTHKH  KOMno3HTOB  onpeAenaioTca  xhmhhcckhm  B3aHMOAeHCTBneM  cocTaBJiaiomHx 
nepBHHHoro  h  BTopHHHoro  HOCHTeaefi. 

OnpeAeaenbi  noKa3aTean  aKTHBHOCTH  CHHTe3HpoBaHHbix  KaTajiH3aTopoB  b  33bhchmocth 
ot  cocTaBa  BTopHHHoro  HocHTena  h  ycaoBHH  HaHeceHHa  h  TepMooo6pa6oTKH  cycneH3HH. 
YcTaHOBneHo,  hto  Hcnoab30BaHHe  pa3pa6oTaHHbix  K3TajiH3aTopoB  no3BoaaeT  o6ecneHHBaTb 
CTeneHb  KOHBepcHH  MeTaHa  Ha  ypoBHe  80-90%  ot  paBHOBecHoro  3HaneHHa. 


3.  SUSPENSION  SYNTHESIS  TECHNIQUE  FOR  CATALYSTS  OF  STEAM 
HYDROCARBON  CONVERSION 

Vlasov  Ye.A.,  Postnov  A.Yu.,  Maltseva  N.V.,  Prokopenko  A.N. 

St.  Petersburg  state  technological  institute  (Engineering  University) 

The  problem  of  production  for  low  unit  power  energy  systems  operating  on  various 
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hydrocarbon  feedstock,  presently  under  solution,  for  a  number  of  reasons  does  not  allow 
utilization  of  the  existing  conversion  catalysts.  Newly  created  catalytically  active  composites 
should  possess  many  unique  properties  and,  first  of  all,  they  are  to  ensure  high  activity  in  a  wide 
temperature  range  at  the  conversion  of  liquid  and  gaseous  hydrocarbons.  Operating  experience  of 
the  supported  catalysts  obtained  by  various  n-technologies  indicates  that  principal  problem  is  not 
only  one  of  catalytically  active  composition  selection.  It  is  mostly  of  a  composite  fixation  on  the 
surface  of  metallic  carrier.  The  major  cause  of  activity  degradation  for  such  catalysts  is  due  to 
the  active  component  layer  destruction  under  high  temperature  and  oxidizing  medium  because  of 
different  coefficients  of  thermal  expansion  for  substratum  and  composite  applied.  Much  progress 
toward  the  solution  of  this  problem  can  be  achieved  by  using  catalysts  with  secondary  carrier 
which  serves  as  damper  between  metallic  substrate  and  active  component.  Catalyst  processing 
technique  by  suspension  application  consists  of  three  basic  stages: 

1.  Preparation  and  activation  of  metallic  carrier  -  corrugated  tape  made  of  the  alloy 
X15KD5. 

2.  Suspension  of  the  second  carrier  application  prepared  by  mechanochemical  activation 
and  subsequent  thermal  treatment.  Various  modifications  of  alumina  (AI2O3)  with 
thermal  stabilizing  and  structure-forming  additives  lie  at  the  base  of  the  suspension. 

3.  Introduction  of  nickeliferous  compound  and  catalyst  thermal  treatment. 

In  order  to  optimize  structure  and  strength  characteristics  of  the  composite  consisting  of  the 
primary  and  secondary  carriers,  a  number  of  investigations  have  been  conducted  which  allowed 
establishment  of  correlation  between  rheological  indices  of  suspensions  for  the  secondary  carrier 
and  characteristics  of  synthesized  composites.  Minimal  values  of  shift  stress  are  identified  under 
which  the  best  quality  of  contact  of  liquefied  suspension  and  activated  surface  of  the  primary 
carrier  is  guaranteed.  It  was  established  through  X-ray  phase  analysis,  that  the  required  strength 
characteristics  of  composites  are  determined  by  chemical  interaction  for  the  components  of  the 
primary  and  secondary  carriers.  Activity  indexes  of  synthesized  catalysts  depending  on 
composition  of  the  secondary  carrier  as  well  as  on  suspension  application  and  thermal  treatment 
conditions  have  also  been  defined.  It  was  found  that  usage  of  the  developed  catalysts  allows 
ensuring  of  methane  conversion  degree  at  a  level  of  80-90  %  of  equilibrium  value. 


4.  IUIA3MO-XHMHHECKAH  KOHBEPCHH  YTJIEBQUOPO/JHOrO  TOIUIHBA  B 

CKOPOCTHOM  nOTOKE 

C.  JleoHOB,  jf.  HpamieB 

MBTAH,  Mocxea 

A.  HanapTOBHH,  H.  Kohctob 

TPHHHTH,  Mocksg 

/laimaa  pafioia  nocBameHa  npofineMe  yjiyHiueHHa  npouecca  BbicoKocKopocTHoro  ropeHHa. 
Hcnojn>30BaHHe  TpuaHUHOtmoro  aBuaiiHOHHoro  TOiuiHBa  b  ra30Typ6HHH0M  (TPft,)  h,  tcm  6ojiee, 
npaMOTOHHOM  flBHraTejie  (ITIBPfl)  orpaunneHO  cjihihkom  6ojtbiiihm  BpeMeHeM  HHuunauHH 
nopacHra  h  npoxoxcneHHa  peaKUHH  ropenna  b  TexHunecKH  npueMiieMbix  ycaoBHax.  Ojthhm  ro 
pa3pa6aTbiBaeMbrx  cnoco6oB  ycKopeHHa  xuMHHecKHx  peaioj,HH  aBjiaerca  npeo6pa30BaHue 
(KOHBepcHa)  TOiuiHBa.  Cpepn  H3BecTHbix  MeropoB  KOHBepcnH  TOiuiHBa  caMbiM  MHoroofiemaiomHM, 
bo3moxcho,  HBjixeTca  mia3MeHHbiH  MeTop.  TeM  He  MeHee,  BnaoTb  po  HacToaipero  BpeMeHH  He 
6bmo  npoBepeHo  hh  noaHoro  aHajiHTHHecKoro  paccMOTpeHHa,  hh  3KcnepHMeHTajibHOH 
HeMOHCTpapHH  npeo6pa30BaHHa  Taxcejioro  yraeBopopopnoro  TonaiiBa  c  noMombio  njia3Mbi 
aaeipHnecKoro  pa3papa. 

Hpea  "naa3MO-HHHyu;HpoBaHHoro  ropeHHa"  copepxcHT  HecxoiibKO  Ba>KHbix  Hacren: 
naa3MeHHbiH  nopxcHr  nocpepcTBOM  xhmhhcckoh  aKTHBapiiH  oKHCiiHTejia  h  TonaHBa,  ropeHHe 
SepHbix  cMeceft,  HHTeHCH(j)HKaHHa  CMemeHHa,  CTafiujiroaHHa  ^poHTa  naaMeHH,  yBeaHHeHHe 
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nojiHOTBi  cropaHHs  h  t.^.  [1-3].  3ia  pa6oia  nocBameHa  HHTeHCH^HKatora  ropemw  c  noMombio 
npeo6pa30Bamw  TororaBa  [4-7]. 

H3BecTHo  HecKOJitKO  MeTO^OB  npeo6pa30BaHHB  yraeBoaopo/iHoro  TonnHBa,  TaKHe  KaK: 
6ap6oTa>K,  o6pa6on<a  yjibTpa3ByicoM,  HactimeHne  BOflopo/tOM,  aKTHBainw  ^oSaBxaMH,  xepMo- 
XHMHHecKM  KOHBepcna.  HeKOTopbie  H3  hhx  6buih  npoTecTHpoBaHfci  6ojiee-MeHee  ycneuiHO. 
Bojibuihhctbo  H3  hhx  ocHOBaHbi  Ha  pa3pymeHHH  TX>Ke;ibix  MOJieicyji  h/hjih  BbiCBo6o>K,aeHHH 
Boaopoaa.  Tjiy6oKo  npeo6pa30BaHHoe  yraeBoaopo^Hoe  ToruiHBo  oSaajiaeT  He  tojibko  ropas/jo 
6oJiee  HH3KHM  BpeMeHeM  HH/iyKUHH,  HO  H  60Jiee  BbICOKOH  3(])(})eKTHBHOCTbK)  B 
TepMO^HHaMHHecKOM  HHKJie  c  ropeHHeM  (Soaee  nojiHoe  Hcnojib30BaHHe  axcepniH).  Kax 
npaBHjio,  paBHOBecHoe  npeo6pa30BaHHe  ToruiHBa  He  aaer  6ojn>moro  Bbmrpbima.  IlpHMeHeHHe 
BBICOKO-nOTeHHHajIBHOH  MOLLIHOCTH  H  HepaBHOBeCHbDC  npOHeCCOB  MOKfeT  npHBO/IHTb  K  renepaHHH 
Gojibrneft  aojra  B036yxcneHHbix  paHHKajioB  h  aKTHBHbix  MOJiexyji  c  MeHbuieH  cpe/mefl  Maccofl. 
Ozi;hhm  H3  TaKHx  MeTOAOB  HBnxeTCH  njia3MeHHoe  npeo6pa30BaHHe  TonjiHBa,  npeanaraeMoe  b  3toh 
pa6oTe. 

MexaHH3Mbi  npeo6pa30BaHM  yrjieBOflopo^Horo 
TonaHBa  3JieicTpHHecKHMH  pa3pjmaMH  b  bbicokockopocthom 
noTOxe  MOiyr  6brn>  nepeHHCJieHbi  cjie^yiomHM  o6pa30M: 

6bicTpbrfi  HOKaribHbiH  HarpeB  cpertbi  no  bbicokoh 
(T»2kK)  TeMnepaTypbi;  cnemnfmHecKHe  xHMHnecKHe 
peaKHHH  c  HepaBHOBecHO  B036yxweHHbiM  B03/tyxoM  (b 
ochobhom,  c  aroMapHbiM  KHCjiopo^OM  h  OKCH^aMH  a30Ta); 

B036yXCAeHHe,  HOHH3aiIHfl  H  /IHCCOHHaHHil  MOJieKyjI  '-/V  '  1 

3JieKTpOHHbIM  y^apOM;  (j)OTO-flHCCOHHaiJlHtf  H  H0HH3aiIRH; 
aKTHBauHX  cpe/H.i  c  noMouibio  yzjapHbix  bojih, 
reHepHpyeMbix  HMnyjibCHbiM  hjih  HecTaiwoHapHbiM 
ajieiapHHecKHM  pa3p»A0M.  YnpoiHcnax  cxeMa  npopecca 
naaaMeHHOH  KOHBepcnH  noKa3aHa  Ha  pHcynxe. 

B  pa6oTe  ormcbiBaiOTCH  peayjibTaTbi  pacneTHO-TCopeTHHecKoro  anajnwa  h 
3KcnepHMeHTanbHaa  aeMOHcrpanna  sc^eicra  HepaBHOBecHOH  KOHBepcHH  3THJiena  h  Kepocnna  b 
noToxe.  Cpe^H  nepBbix  otmcthm 

cjienyioiiiHe:  aeanra  TepMOflHnaMHHecKoro  UHtoia,  pacueTHbiH  anajM3  njia3MO-XHMHHecKHX 
npoueccoB,  MO/ieanpoBaHHe  nojnpKHra  MO,iH([)HHHpoBaHHoro  ToraiHBa  Ha  6a3e  peayunpoBaHHoro 
TepMO-XHMHnecKoro  Ko/ia,  MO^eanpoBaHHe  ontHHecKHx  cneicrpoB. 

3KcnepHMeHTaribHaa  ycTaHOBKa  pa3pa6oTaHa  Ha  ocHOBe  onbrra  3KcnjiyaTauHH 
B03aymHo-KepocHHOBoro  iuia3MeHHoro  reHepaiopa.  XapaicrepHCTHKH  njia3MeHHoro  reHepaiopa 
no  npeo6pa30BaHHK)  TonanBa  HccjieaoBaHbi  b  3aBHCHMOCTH  ot  pokhmob  pa6oibi  h  TecTOBbix 
napaMeTpoB.  H3MepeHbi  BpeMa  HHjryKUHH  (aBTono^xoir  b  cMecn  c  B03^yxoM) 
MO^H^HHHpoBaHHoro  TonjiHBa  h  npoBeaeHO  cpaBHeHHe  ero  c  npeBOHanajibHOH  bcjihhhhoh  npn 
toh  ace  TeMnepaType.  IIpoBe/ieH  ynpoineHHbiH  xhmhhcckhh  aHajiro  npoayKTOB  njia3MeHHon 
KOHBepcHH. 

JlHTepaTypa: 

1.  L.  Jacobsen,  C.  Carter,  R.  Baurie,  T.  Jackson  “Plasma-Assisted  Ignition  in  Scramjet”, 
AIAA-2003-0871,  41st  AIAA  Aerospace  Meeting  and  Exhibit,  6-9  January,  Reno,  NV,  2003. 

2.  S.  Leonov,  V.  Bityurin,  A.  Bocharov,  K.  Savelkin,  D.  VanWie,  D.  Yarantsev, 
“Hydrocarbon  Fuel  Ignition  in  Separation  Zone  of  High  Speed  Duct  by  Discharge  Plasma”, 
Proceedings  of  the  4rd  Workshop  “PA  and  MHD  in  Aerospace  Applications”,  April,  2002, 
Moscow,  IVTAN. 

3.  A.  Napartovich,  I.  Kochetov,  S.  Leonov,  “Study  of  dynamics  of  air-hydrogen  mixture 
ignition  by  non-equilibrium  discharge  in  high-speed  flow”,  J.  of  High  Temperature  (rus),  No.  5, 
2005,  p.667. 

4.  Philippe  Dagaut,  Michel  Cathonnet  “The  ignition,  oxidation,  and  combustion  of 
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kerosene:  A  review  of  experimental  and  kinetic  modeling”,  Progress  in  Energy  and  Combustion 
Science,  32  (2006)  48-92,  www.elsevier.com/locate/pecs 

5.  M.  Filippi,  C.  Bruno,  and  P.  Czysz  “Reforming  and  pyrolysis  of  liquid  hydrocarbons 
and  partially  oxidised  fuel  for  hypersonic  propulsion”,  36th  AIAA/ASME/SAE/ASEE  Joint 
Propulsion  Conference  and  Exhibit,  AIAA  Paper-2000-3619. 

6.  E.  Eremin,  “Elements  of  gas  electrochemistry”,  (rus)  Moscow  State  University,  M., 

1998. 


4.  PLASMA-CHEMICAL  REFORMING  OF  HYDROCARBON  FUEL  INFLOW 

S.  Leonov,  D.  Yarantsev 
IVTAN,  Moscow 
A.  Napartovich,  I.  Kochetov 

TR1NITI,  Moscow 

The  work  is  aimed  an  enhancement  of  high-speed  combustion  process.  Utilizing  of 
conventional  avionic  fuel  in  scramjet  is  limited  by  too  long  time  for  ignition  and  combustion  under 
technically  reasonable  conditions.  One  of  contrived  ways  is  the  fuel  reforming.  Among  known 
methods  of  fuel  reforming  and  modification  a  plasma  method,  probably,  is  the  most  promising. 
However  up  to  now  there  was  no  neither  complete  analytical  considering  nor  experimental 
demonstration  of  heavy  hydrocarbon  fuel  reforming  by  means  of  plasma  of  electrical  discharge. 

Well  known  idea  of  the  "plasma-assisted  combustion"  contains  several  important  domains: 
plasma-induced  ignition  due  to  chemical  activation  of  oxidant  and  fuel,  combustion  of  lean 
mixtures,  mixing  intensification,  flame-holding,  completeness  enhancement,  etc.  [1-3].  This  work 
is  devoted  to  problem  of  combustion  intensification  due  to  fuel  reforming  [4-7], 

Several  methods  of  hydrocarbon  fuel  modification  and  reforming  are  known:  barbotage,  ultra¬ 
sonic  treatment,  saturation  by  hydrogen,  activation  by  additives,  thermo-chemical  conversion.  Some 
of  them  are  tested  more-less  successfully.  The  most  of  them  are  based  on  heavy  molecules  breakage 
and/or  hydrogen  .release.  A  deeply  converted  hydrocarbon  fuel  possesses  not  only  much  lower 
induction  time  but  also  more  effective  potential  in  thermodynamic  combustion  cycle  (more 
complete  exergy  utilization).  As  a  rule  the  equilibrium  transformation  of  the  fuel  doesn't  give  a 
large  benefit.  Utilizing  of  high-potential  (high-density)  power  deposition  could  lead  to  generation 
of  bigger  share  of  excited  radicals  and  low-mass  active  molecules.  One  of  such  methods  is  a 
plasma's  reforming  of  the  fuel,  proposed  for  this  work. 

The  mechanisms  of  the  plasma  reforming  of  the 
hydrocarbon  fuel  by  electrical  discharges  in  high-speed 
flow  can  be  considered  and  listed  as  following:  fast  local 
superheating  of  the  considered  and  listed  as  following: 
fast  local  superheating  of  the  medium;  specific 
chemical  reactions  with  highly  excited  air  (atomic 
oxygen  and  nitrogen  oxides,  mainly);  molecules'  strong 
excitation,  ionization  and  dissociation  by  electron  impact; 
photo  dissociation  and  ionization;  medium  activation  due 
to  shock  waves  generated  by  pulse  or  unsteady  electric 
discharge.  A  simplified  scheme  of  plasma  reforming 
processes  is  shown  in  the  figure.  The  work  considers 
theoretical  analysis  and  experimental  demonstration  of 
the  effect  of  nonequilibrium  conversion  of  ethylene  and 
kerosene  in  flow.  In  the  first  field  are  the  following  ones: 
thermal  cycling  analysis,  computational  analysis  of  plasma-chemical  processes,  simulation  of 
modified  fuel  ignition  on  base  of  reduced  thermo-chemical  code,  optical  spectrum  simulation. 

The  experimental  facility  is  designed  and  assembled  on  the  base  of  experience  in  exploiting 
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of  the  kerosene-air  plasma  generator.  A  performance  of  plasma  generator  to  fuel  reforming  is 
being  studied  in  dependence  on  operation  modes  and  test  parameters.  The  induction  time  of  self¬ 
ignition  at  mixing  with  air  of  modified  fuel  is  measured  and  compared  with  initial  value  under  the 
same  temperature.  A  simplified  chemical  analysis  of  products  is  fulfilled. 

References: 

1.  L.  Jacobsen,  C.  Carter,  R.  Baurie,  T.  Jackson  “Plasma- Assisted  Ignition  in  Scramjet”, 
AIAA-2003-0871,  41st  AIAA  Aerospace  Meeting  and  Exhibit,  6-9  January,  Reno,  NV,  2003. 

2.  S.  Leonov,  V.  Bityurin,  A.  Bocharov,  K.  Savelkin,  D.  VanWie,  D.  Yarantsev, 
“Hydrocarbon  Fuel  Ignition  in  Separation  Zone  of  High  Speed  Duct  by  Discharge  Plasma”, 
Proceedings  of  the  4rd  Workshop  “PA  and  MHD  in  Aerospace  Applications”,  April,  2002, 
Moscow,  1VTAN. 

3.  A.  Napartovich,  I.  Kochetov,  S.  Leonov,  “Study  of  dynamics  of  air-hydrogen  mixture 
ignition  by  non-equilibrium  discharge  in  high-speed  flow”,  J.  of  High  Temperature  (rus),  No.  5, 
2005,  p.667. 

4.  Philippe  Dagaut,  Michel  Cathonnet  “The  ignition,  oxidation,  and  combustion  of 
kerosene:  A  review  of  experimental  and  kinetic  modeling”,  Progress  in  Energy  and  Combustion 
Science,  32  (2006)  48-92,  www.elsevier.com/locate/pecs 

5.  M.  Filippi,  C.  Bruno,  and  P.  Czysz  “Reforming  and  pyrolysis  of  liquid  hydrocarbons 
and  partially  oxidised  fuel  for  hypersonic  propulsion”,  36th  AIAA/ASME/SAE/ASEE  Joint 
Propulsion  Conference  and  Exhibit,  AIAA  Paper-2000-361 9. 

6.  E.  Eremin,  “Elements  of  gas  electrochemistry”,  (rus)  Moscow  State  University,  M., 

1998. 


5.  HHCJIEHHOE  MOAEJIHPOBAHHE  IIJIOCKOrO  TXP  C  flBYMfl  CTEHKAMH 

KOHEHHOH  TOJIIU[HHI>I 

A.B.  KopaSejibHHKOB,  A.JL  Kypamm,  A.B.  Ocaotob 

OAO  «HHI7rC»  XK  «JleHUHey»,  CaHKm-IJemep6yps 

TenaoBaa  3antHTa  xenaoHanpa>xeHHbix  uacxen  rnnep3ByKOBoro  aexaxeabHoro  annapaia 
(FJTA),  ABHxcymeroca  b  naoxHbix  caoax  axMoccjiepbi  c  ranep3ByKOBOH  cxopocTbio,  aBaaexca  b 
Hacxoamee  BpeMa  oahoh  H3  HanOoaee  aKTyaiibHbix  3aAau.  B  TJIA  no  KOHuenunn  «Aaicc» 
npeanoaaraexca,  mo  b  HanSoaee  xenaoHanpa>KeHHbix  uacxax  naauepa  h  ABuraxeaa 
pa3Memaioxca  KaxanuxunecKue  xepMoxHMHHecKne  peaKxopw  (TXP),  b  Koxopbix  6yayx 
ocymecxBaaxbca  3HAOxepMHHecKne  npoueccw  pa3AO>KeHHa  hcxoahoto  yraeBOAopoAHoro 
xonanBa,  b  uacxHocxH,  napoBaa  KOHBepcna  MexaHa  h  ero  >khakhx  roMoaoroB. 

B  Hacxoameit  pa6oxe  npoBe^eHo  HHcaeHHoe  nccaeAOBaHne  naocxoro  TXP  c  ynexoM 
conpjDKeHHoro  xenaoo6\ieHa  Meac/ty  cxeHKaMH  KOHeuHOH  xoamnHbi  h  ra30Bon  cMecbio  b 
npoxoHHon  aacxn  peaxxopa.  OnncaHa  3aAaaa  o  xeueHnu  xHMHuecKH  pearnpyiomeH  CMecn  b 
TXP  n  nocxaBaeHa  3aAaaa  xenaonpoBOAHoexn  b  cxeHKax  TXP  c  K03(f)(J)HnHeHX0M 
xenaonpoBOAHOcxn,  3aBncamnM  ox  xeMnepaxypbi.  Ha  ocHOBe  pa3pa6oxaHHbix  aaropnxMOB  h 
nporpaMM  ocymecxBaeHbi  MHoronapaMexpuuecKne  uncaeHHbie  nccaeAOBaHHa  3^»(|)eKXHBHOCXH 
pa6oxbi  TXP.  noKa3aHO,  hxo  yuex  conpaaceHHoro  xenaoobMeHa  CHnacaex  xapaKxepncxnKH  TXP 
no  yxnnrmuHH  xenaoBoro  noxona  b  paccHnxaHHon  KOH(J)HrypanHn  peaxxopa  Ha  20%. 
/(exaabHoe  paccMoxpeHne  3aBHCHMocxn  npoqeccoB  xenaoo6MeHa  ox  BeanHHHbi  bxoahoh 
xeMnepaxypbi  b  TXP  no3Boanao  CAeaaxb  bbiboa,  hxo  rnoBaa  CMecb  c  TBX  =  400°C  cnoco6Ha 
noraomaxb  6oabuiHe  xenaoBBie  noxoKH,  a  CMecb  c  TBX  =  700°C  o6ecneuHBaex  Ha  bbixoac  TXP 
6oabmyio  BeananHy  MoabHbix  KOHueHxpannH  BOAopoAa  n  okhch  yraepoAa.  Hco6xoahmo 
oxMexnxb,  hxo  naocKHH  TXP  Moncex  cayncnxB  aiJxJieKXHBHBiM  ycxponcxBOM  Ana  oxaa>KAeHHa 
xenaoHanpjDxeHHbix  noBepxHocxen  h  oSecneunBaxb  Ha  BbixoAe  H3  Hero  MoabHyio 
KOHueHxpauHio  BOAopoAa  0,4  -  0,5. 
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5.  NUMERICAL  MODELING  OF  PLANAR  TCR  WITH  TWO  WALLS  OF  THEJINITE* 

THICKNESS 

Korabelnikov  A.V.,  Kuranov  A.L.,  Fedotov  A.V. 

Hypersonic  Systems  Research  Institute  of  the  Leninetz  Holding  Company, 

St.  Petersburg 

Thermal  protection  of  the  heat-stressed  parts  of  a  hypersonic  flight  vehicle  (HFV)  moving 
in  the  dense  atmosphere  with  hypersonic  velocity  is  at  present  one  of  the  most  pressing 
problems.  In  the  HFV  under  Ajax  concept  it  is  assumed  that  in  the  most  heat-stressed  parts  of 
airframe  and  engine,  catalytic  thermochemical  reactors  (TCR)  are  placed  wherein  endothermic 
processes  of  the  initial  hydrocarbon  fuel  decomposition  will  be  realized,  and  particularly,  steam 
methane  reforming  as  well  as  its  liquid  homologues  conversion. 

In  this  paper  numerical  investigation  of  a  planar  TCR  has  been  carried  out  with 
consideration  for  conjugate  heat  exchange  between  the  walls  of  the  finite  thickness  and  gas 
mixture  in  the  flow  part  of  the  reactor.  The  problem  on  the  reactant  mixture  flow  in  TCR  is 
described  and  the  problem  on  heat  conduction  in  TCR’  walls  with  thermal  conductivity 
coefficient  depending  on  temperature  is  stated.  On  basis  of  algorithms  and  programs  developed, 
multi-parametrical  numerical  investigations  of  TCR  operational  efficiency  have  been  performed. 
It  was  shown  that  conjugate  heat  exchange  decreases  TCR  capacity  for  utilization  of  heat  flux  in 
design  TCR  configuration  by  20  %.  Further  consideration  of  heat  exchange  process 
dependencies  on  the  quantity  of  TCR  input  temperature  allowed  to  draw  a  conclusion  that  gas 
mixture  at  Tjn  =  400°  C  is  capable  of  absorbing  large  heat  fluxes  and  the  mixture  at  Tjn  =  700°  C 
ensures  high  mole  concentration  of  hydrogen  and  carbon  oxide  at  the  TCR’  outlet.  It  is  worth 
mentioning  that  a  planar  TCR  may  prove  to  be  very  efficient  device  for  cooling  of  heat-stressed 
surfaces  and  ensuring  hydrogen  mole  concentration  within  0.4  -  0.5  range  at  the  reactor’s  outlet. 


6.  PACHETHblH  AHAJIH3  XAPAKTEPHCTHK  BBICOKOCKOPOCTHOH 
nPHMOTOHHOHflBYXPESKHMHOH  KAMEPBI  CTOPAHHH,  PAEOTAIOIIJEH  HA 
yUIEBO/IOI’CVIHOM  TOnJIHBE  B  PE/KHME  KHCJIOPO^HOH  KOHBEPCHH 

E.A.  MemepHKOB,  A.O.  HeBarmi,  B.n.  CrapyxHH 

HAFH,  MocKea 

Pa3pa6oTaH  KBa3HO,ztHOMepHbiH  MeTOtt  pacueTa  TeuennH  b  bbicokockopocthoh 
npaMOTOHHOH  ,ziByxpe>KHMHOH  KaMepe  cropaHna  h  npoBeaeHbi  pacneTbi  THroBO-OKOHOMHHecKHX 
xapaKTepncTHK  (T3X)  flBHraTejia,  paooTaioinero  Ha  KepocHHe  c  KoofjxJmmieHTOM  H36bm<a 
OKHCjiHTejia  a=T,  b  mnpoKOM  ,zmana30He  HauajibHbix  h  nonerabix  Hnceji  MH  (MHHaH=3-^6; 
M„=3-h12).  MeTOfl  ocHOBaH  Ha  hhcjichhom  HHTerpnpoBaHHH  ypaBHeHHH  coxpaHeHHa  b 
coueTaHHH  c  npoue^ypoH  moOajibHbix  HTepaimn,  c  yueroM  kohchhbix  CKopocTen  XHMHHecKHX 
peaKimft,  xpeHHH  h  TennooTBO^a  Ha  CTeHKax  Kanajia. 

IIpoaHajiH3HpoBaHbi  bo3mo>khocth  (jiopcHpoBaHHa  Tarn  aByxpe>KHMHoro  flBHraTejta  c 
noMombio  .qonoJiHHTejibHOH  nottaHH  KHc;iopo,aa  b  KaMepy  cropaHHa  b  peaoiMe 
npe^BapHTeJibHoit  KepocHHo-KHCjiopoztHOH  KOHBepcHH  b  aBTOHOMHOM  ra3oreHepaiope  (c 
arr«l)  h  npH  np^MOM  BztyBe  KHcnopotta  b  xaMepy.  KncnopoaHoe  (JiopcHpoBaHHe  pafloTbi 
ABHraTejui  3HaHHTejibHO  (b  1 ,65-b2  pa3a)  noBbimaeT  K03(jxj)HimeHT  Tarn  ABiiraiejia  npH 
o^HOBpeMeHHOM  CHH)KeHHH  ero  y^ejibHoro  HMnyjibca.  (bopcHpoBaHne  Tara  u,ejiecoo6pa3HO  Ha 
CTa^HH  pa3roHa  JIA  h  BbiBo.ua  ero  Ha  Mapm. 

npe^BapHTejibHaa  KHcnopoflHaa  KOHBepcHH  KepocuHa  no3BonaeT  3aMerao  pacurapHTb 
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ripe/iejibi  caMOBoenjiaMeHeHHa  ropjonen  CMecn  b  KaMepe  cropaHHa  b  CTopoHy  MeHbiiiHX  nnceji 
Mh  BnaoTb  ao  Mh=4  h,  TeM  caMbiM,  oOjierHHTb  npopecc  nnnoTHpOBaHHa  ropeHHa  npn  HaH6o;iee 

TpjTJHblX  CTapTOBbIX  VCJTOBHaX. 

PaSoTa  BbmojiHeHa  npn  <})HHaHcoBOH  noAAepxcKe  POOH,  npoeKT  06-01-00318. 


6.  COMPUTATIONAL  ANALYSIS  OF  THE  CHARACTERISTICS  OF  A  HIGH-SPEED 
STRAIGHT  FLOW  TWO-MODE  COMBUSTION  CHAMBER  OPERATING  ON 
HYDROCARBON  FUEL  IN  THE  OXYGEN  CONVERSION  REGIME 

Meshcheryakov  Ye.A.,  Chevagin  A.F.,  Starukhin  V.P. 

TSAGI,  Moscow 

A  quasi-one-dimensional  method  has  been  developed  for  predicting  flow  in  a  high-speed 
straight-flow  combustion  chamber  and  computations  have  been  caried  out  of  an  engine  operating 
on  kerosene  with  an  excess-oxidizer  coefficient  of  a=l  mixture  a  wide  range  of  initial  and  cruise 
Mach  numbers  (Mm=3...6,  Mcruise=3...12).  The  method  is  based  on  numerical  integration 
equations  in  combination  with  a  procedure  of  global  iteration  with  regard  to  the  finite  rates  of 
chemical  reactions,  friction  and  heat  removal  at  the  channel  walls. 

The  fusibilities  have  been  analyzed  of  thrust  augmentation  of  a  two-mode  engine  with  the 
help  of  additional  injection  chamber  in  the  regime  of  preliminary  kerosene-oxygen  conversion  in 
an  autonomous  gas-generator  (with  a«l)  and  through  direct  injection  of  oxygen  into  the 
chamber.  The  oxygen-aided  augmentation  of  the  engine  significantly  increases  the  thrust 
coefficient  (by  a  factor  of  1,65... 2)  and  simultaneously  decreases  its  specific  impulse.  Thrust 
augmentation  is  advantageous  during  acceleration  of  the  aircraft  and  its  transition  to  the  cruise 
regime. 

The  preliminary  kerosene-oxygen  conversion  allows  one  to  significantly  enlarge  the 
limits  of  self-ignition  of  the  combustible  mixture  in  the  combustion  chamber  towards  lower 
Mach  number  up  to  MH=4  and  thereby  to  simplify  the  process  of  combustion  piloting  at  the  most 
difficult  star  conditions.  . 

This  work  has  been  carried  out  under  RFFI  financial  support,  Project  N06-0 1-003 18a. 


7.  HCCJIE/JOBAHHE  PABOHETO  nPOIJECCA  B  BBICOKOCKOPOCTHOH 
nPHMOTOHHOH  KAMEPE  CrOPAHHH  C  TEPMOXHMHHECKOH 

no^roTOBKoft  mch^koto  yrjiEBOAOPOAHoro  tohjihba 

Bojiomemco  O.B.,  3ochmob  C.A.,  HmcojiaeB  A. A.,  Ocrpacb  B.H.,  CepiwaHOB  B.H., 

HeBarHH  A.O. 

LfAFM,  MocKea 

IfpoBe^eHo  3KcnepHMeHTaJibHoe  HCCJienoBaHHe  pa6onero  npouecca  b  MonejibHofi 
cTyneHnaTOH  KaMepe  cropaHHa  (KC)  c  npeABapHTenbHOH  TepMoxHMHHecKon  nonroTOBKon 
TonnHBa  b  aBTOHOMHOM  peaKTope,  paSoTaiomeM  Ha  KepocuHe  h  B03Ayxe. 

KaMepa  cropaHHa  HMena  nnocKOH  KaHan  c  iuioma/tbio  Bxona  30x100  mm,  cocToamHH  H3 
AByx  nocneflOBaTejibHO  pacnonoaceHHbix  Apyr  3a  ApyroM,  coeAHneHHbix  nepe3  CTyneHbKy, 
ynacTKOB. 

B  KC  nOAaBaJIHCb  npOAyKTbl  TepMOXHMHHeCKOH  KOHBepCHH  KepOCHHa  C  B03AyXOM 

H3  aBTOHOMHoro  peaKTopa  HopMarrbHo  noTOKy  nepe3  oTBepcTHa,  pacnojioaceHHbie  Ha 
CTeHKe  b  KOHne  nepe/mero  ynacTKa  nepeA  ycTynoM. 

PaSouHH  npoitecc  b  ra3oreHepaTOpe-peaKTope  ocymecTBJiaeTca  no  AByxcTyneHHaTOH 
cxeMe.  B  nepBOH  CTyneHH  3a  cneT  camraHHa  KepocnHa  b  B03Ayxe,  noAaBaeMbix  b 
ra3oreHepaTop,  ocymecTBJiaeTca  noAorpeB  B03AyuiHoro  noTOKa  ao  To=1500K.  Bo  BTOpon 
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CTyneHH  (peaKTope)  b  BbicoKoxeMnepaxypHbiH  ra30BbiH  noxoK,  nocxynaiomHH  H3  nepBoil 
cxynemi,  noaaBajica  aonojiHHxe.xbHo  KepocHH  c  a=0,1...0,4  h  ocymecxBjuuiocb 
xepMoxHMHHecKoe  ero  pa3Jio>KeHHe  Ha  BbicoKoaKXHBHbie  roptonne  KOMnoHeHXbi:  H2,  CO,  CH4  h 
up.  OxHocHxejibHbifi  bccoboh  pacxou  B03uyxa  xepe3  ra3oreHepaxop  no  oxHomeHHio  k  pacxoay 
B03ayxa  Ha  Bxoae  b  KC  cocxaBJum  7%. 

HccjieaoBajrocb  BjmaHHe  Ha  npoxeicaHHe,  xapaKxepncxHKH  h  3(|)(J)eKXHBHOcxb  paboxero 
npouecca  b  KC  KoafJxJtHHHeHxoB  H36bixKa  B03uyxa  b  peaxxope  h  b  KC,  flJiHHbi  yxacxxa  xaHana 
F=const  3a  ycxynoM. 

B  pe3yjibxaxe  HCCJieuoBaHHX  no;iyxeHo: 

-  npn  nouaxe  b  KC  npouyKTOB  xepMHxecKoro  pa3Jio»eHHa  KepocuHa  b  B03uyxe  npn 
a=0,1...0,4  h  xeMnepaxype  b  ra3oreHepaxope  T=1200...1800  K  npoHexouHx  hx 
caMOBoenjiaMeHeHHe  h  b  KC  ycxaHaBjiHBaexcn  ycxoHXHBbm  pe>KHM  ropeiiHa; 

-  ropeHne  npouyKTOB  xepMHxecKoro  pa3ao)KeHHH  KepocHHa  nepBOHaxajtbuo  nponcxouHT 
b  KOHne  riepe/niero  yxacxica  Kanana  b  oSuacxH  nouaxn  c  xenaoBbiM  3annpaHHeM  h 
o6pa30BaHHeM  nceBuocicaxKa  Bbime  no  noxoKy; 

-  b  3a£HeM  yxacxice  F=const  npn  a=l,5...2,5  nponcxouHx  uoropaHHe  c  nojiHOxoh 
cropaHHH  0,8... 0,9  h  o6pa30BaHHeM  xexeHHa  xnna  nceBuocKaxica,  a  npn  a>3  peajimyioTcn 
CBepx3ByKOBbie  pe>KHMbi  xexeHHa. 

ripoBeaeHHbie  HccneuoBaHnx  noKa3ajiH  bo3MOXKhocxb  ncnojib30BaHHa  npeuBapHxejibHOH 
xepMoxHMHxecKon  no^roxoBKH  acH^Koro  ynieBOAOpOAHoro  xonaHBa  b  aBxoHOMHOM  peaxxope 
Ujih  opraHH3anHH  BbicoKooijicJieKTHBHoro  paSoxero  npouecca  b  KaMepe  cropaHHx,  padoxatomeH 
npn  CBepX3ByKOBOH  CKOpOCXH  H  BbICOKOH  SHXaJIbnHH  noxoKa  Ha  BXOAe. 

Pa6oxa  BbinojiHeHa  npn  ({iHHaHCOBOH  nouuep>KKe  POOH,  npoeicx  05-08-33604a. 


7.  INVESTIGATION  OF  THE  WORKING  PROCESS  IN  A  HIGH-SPEED  STRAIGHT- 
FLOW  COMBUSTION  CHAMBER  WITH  THERMOCHEMICAL  PREPARATION  OF 

HYDROCARBON  FUEL. 

Voloshchenko  O.V.,  Zosimov  S.A.,  Nikolaev  A.A.,  Ostras  V.N.,  Sermanov  V.N., 

Chevagin  A.F. 

TSAGI,  Moscow 

An  experimental  investigation  of  a  working  process  has  been  performed  in  a  subscale 
stepped  combustion  chamber  with  a  preliminary  thermochemical  preparation  of  fuel  in  a 
autonomous  reactor  operation  on  kerosene  and  air. 

The  combustion  chamber  had  a  2D  channel  with  an  inlet  area  of  30x100  mm;  consisting 
of  two  sections  arranged  one  after  another  with  step-like  transition  section.  The  combustion 
chamber  was  fed  by  products  of  thermochemical  conversion  of  kerosene  and  air  from  the 
autonomous  reactor  normally  to  flow  through  holes  located  at  the  end  of  the  section  in  front  of 
the  step. 

The  working  process  in  the  gas-generator  is  realized  in  a  two-stage  way.  In  the  first  stage, 
due  to  burning  of  kerosene  in  air  being  fed  to  the  gas-generator  of  air  flow  is  heated  to 
To=1500K.  In  the  second  stage  (reactor)  the  high-temperature  gas  flow  from  the  first  stage 
received  additionally  kerosene  with  a=0,1...0,4  whose  thermochemical  decomposition  was 
performed  there  into  combustible  components:  H2,  CO,  CH4,  etc.  The  relative  air  flow  through 
the  gas-generator  was  7%  with  respect  to  the  air  flow  at  the  inlet  of  combustion  chamber. 

The  influence  has  been  studied  of  the  air  excess  coefficients  for  the  section  with  F=const 
behind  the  step  on  the  behavior,  characteristics  and  effectiveness  of  the  working  process  in  the 
combustion  chamber. 

The  flowing  main  findings  can  been  summarized  below: 

*  when  supplying  to  the  combustion  chamber  the  products  of  thermal  decomposition  of 
kerosene  in  air  at  a=0,1...0,4  and  a  temperature  in  the  gas-generator  within  the  range  of 
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T=1 200...  1800  K,  the  self-ignition  of  the  products  takes  place  and  a  stabile  combustion 
process  in  the  combustion  chamber  is  established; 

■  the  combustion  of  the  products  of  kerosene  thermal  decomposition  initially  takes  place  at  the 
end  of  the  forward  section  of  the  channel  in  the  region  of  kerosene  supply  with  thermal 
choking  and  formation  of  an  upstream  pseudoshock; 

■  in  the  rear  section  (F=const)  at  a=l,5. .  .2,5  burning  down  takes  place  with  a  completeness  of 
combustion  of  0,8... 0,9  and  formation  of  a  pseudoshock-type  flow,  and  at  a  >  3  supersonic 
flow  condition  occur. 

The  investigation  performed  has  shown  the  feasibility  of  using  the  preliminary 
thermochemical  preparation  of  the  liquid  hydrocarbon  fuel  in  an  autonomous  reactor  for 
organizing  a  high  effective  working  process  in  the  combustion  chamber  with  supersonic  flow 
velocity  and  high  flow  enthalpy  at  the  intake. 

This  work  has  been  carried  out  under  RFFI  financial  support,  Project  N05-08-33604a. 


8.  BASIC  RESEARCH  OF  AIR-HYDROCARBON  MIXTURE  IONIZATION 
PROCESSES  FOR  OPTIMIZATION  OF  IGNITION  IN  COMBUSTION  CHAMBERS 
AT  APPLICATION  OF  GAS  DISCHARGES 

A.L.  Kuranov 

Hypersonic  Systems  Research  Institute  of  Leninetz  Holding  company,  St-Petersburg 

A.  A.  Kudryavtsev,  E.A.  Bogdanov 

St-Petersburg  state  university 

V.  L.  Bychkov,  A.  Yu.  Lomteva 

M.  V.  Lomonosov  Moscow  state  university 

The  presented  work  is  devoted  to  analysis  of  effective  ionization  processes  at  early 
discharge  stages  in  air  -  hydrocarbon  mixtures  at  different  temperatures  and  mixture 
compositions  as  the  first  necessary  step  before  analysis  of  ionization  moving  air  -  hydrocarbon 
mixtures.  Necessary  parameters  of  excitation  and  ionization  in  these  mixtures  have  been 
determined  in  wide  range  of  E/N  parameter  (E-electric  field  strength,  N-  density  of  neutrals).  So 
called,  “thresholds”  of  ionization  in  these  gas  mixtures  have  been  calculated.  Experiments  on 
measurements  of  “thresholds”  of  ionization  in  these  mixtures  are  discussed. 


9.  rOPEHHE  nPEABAPHTEJILHO  HECMEIUAHHOrO  TOnJIHBA  B 
BEICOKOCKOPOCTHOM  B03^YIHH0M  nOTOKE,  CTHMYJIHPOBAHHOE 
nJIA3MEHHbIMH  OEPA30BAHHHMH 

Kjihmob  A.,  Bimopnn  B.,  MopajieB  H.,  TojiKyHOB  E.,*  Hiikhthh  A.,  Be^iiHKO  A.,** 

JIe6eAeB  K).,  Eujiepa  H.,  ++ 

*HHcmumym  bucokux  meMnepamyp  PAH,  Mocuea 
**HX0  PAH,  Mockgo 
+  +HHXC  PAH,  MocKea 

CTHMyjiHpoBaHHoe  ropeHne  (CT)  yrjieBO/topoflHoro  ToruiHBa  b  B03flymHOM 
BticoKOCKopocTHOM  noToxe  H3ynajiocb  b  HauiHX  npeflbwymux  paborax  [1-7].  3ia  pa6oia 
HBunetCH  hx  npo/ion^ceHueM. 
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HoBtie  3KcnepHMeHTani>Hi>ie  pe3yjibxaxbi  no  nojmoxe  Cr  npenBapnxejibHO  HecMemaHHoro 
TonjiHBa  b  BbicoKocKopocTHOM  B03nyniH0M  noTOKe  paccMaipHBaioTca  b  HacTOHinen  pa6oTe. 
SKcnepHMeHTbi  no  CT  npoBOHHjincb  Ha  ycTaHOBKe  HWT-1.  FopannH  BOsnyniHbiH  noTOK 
(M<2,  Pst<l  Bap,  Tst<1000K)  ncnojiB30Bajica  b  paGonen  KaMepe  btoh  ycTaHOBKH. 
KoM6nHHpoBaHHbin  3JieKTpnnecKHH  pa3pan  ncnojtb30Bajica  hjih  npeflBapHxejibHoro  nonorpeBa 
B03nyuiHoro  noxoxa  n  ana  ynpaBJieHna  CT  Mexonbi  onxnnecKon  n  HK  cneKTpocKonnn, 
xHMHnecKnn  aHajiH3,  cKopocTHan  nn<J)poBaa  KaMepa  ncnojib30Bajincb  jmn  H3yneHna 
njia3MeHHbix  o6pa30BaHnn  n  Cr. 

Cnenytomne  ocHOBHbie  SKcnepnMeHxanbHbie  pe3yjibTaTbi  6buin  noJiyneHbi  b  stoh  paGoxe: 

1 .  H3yneHa  znwaMHKa  cr  npejiBapHTejibHo  HecMemaHHoro  yrjieBonoponHoro  TonjiHBa  b 
BnxpeBOM  n  He3aKpyneHHOM  B03nyniH0M  noTOKax.  06napy>KeHO,  nxo  30He  Cr  Moryr 
o6pa30BbiBaTbca  nojirovKHByinne  ruia3MOXHMHnecKne  CTpyiaypbi.  Hmchho  3th  CTpyKTypbi 
noBBomiiOT  3HannTejibHO  CHH3HTb  sjieKxpnnecKyio  moihhocxb,  noxpe6jiaeMyio 
njia3MorenepaxopoM  b  Cr  3KcnepnMeHxe. 

2.  CocxaB  (J)HHanbHbix  nponyicxoB  Cr  H3MepeH  c  noMomtio  MexoflOB  FTIR 
cneKxpocKonnn  n  xpoMaxorpa^nn. 

3.  3(|)(|)eKXHBHaa  Hapa6oxKa  H2,  CO,  C2H2,  CH4,  C6H6....  b  Cr  30He  6bma  o6Hapy^ceHa 
b  6oraxbix  cmccjix  (pe(|)opMHHr  xonnnBa). 

4.  OoHapy>KeHO,  nxo  BbicoKaa  nojmoxa  Cr  xonnnBa  90-100%  nocxnraexca  b  GenHbix 
CMecax  xojibKO.  B  cnynae  6oraxbix  CMecen  axa  BejinnnHa  Moacex  yMeHbiimxbCH  no  40%. 

5.  XlexajibHbie  onxnnecKne  cnexxpbi  noJiyneHbi  n  npoaHajnrcnpoBaHbi  b  pa3JinnHbix 
ceneHnax  Cr  30hbi.  Ilojiynena  BaacHaa  HH^opManna  o  KHHexnKe  njia3MOXHMnnecKHx 
nponeccoB  b  nponecce  Cr. 

6.  BaxcHaa  poJib  rexeporeHHon  KHHexnKn  Cr  Ha  noBepxHocxn  3apaaceHHbix 
B036y>i<neHHbix  KapOoHOBbix  KJiacxepoB  (caaceBbix  nacxnn)  oOcyacnaexca  b  Hacxoanien  pa6oxe. 

7.  PacmnpeHne  KOHneHxpannoHHbix  npenenoB  ycxonnnBoro  Cr  yrneBonoponHoro 
xonnHBa  b  2-4  pa3a  oOHapyaceHO  b  sKcnepnMeHxe. 

8.  CHnaceHne  xeMnepaxypbi  njiaMeHH  b  2-3  pa3a  3a<f>HKCHpoBaHO  b  3KcnepnMeHxe  b 
cnynae  ncnojib30BaHHa  oGenneHHbix  CMecen  npn  nna3MeHH0M  cxnMyjinpOBaHHH  nx  ropeHna. 
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9.  NON-PREMIXED  PLASMA-ASSISTED  COMBUSTION  IN  HIGH-SPEED 

AIRFLOW 

Klimov  A.,  Bitiurin  V.,  Moralev  I.,  Tolkunov  B.,*  Nikitin  A.,  Velichko  A.,** 

Lebedev  Yu.,  Bilera  I.++ 

* Institute  for  High  Temperature  RAS,  Moscow 
**Institute  of  Physics  and  Chemistry  RAS,  Moscow 
++ Institute  of  Petrochemical  Synthesis  RAS,  Moscow 

Plasma-assisted  combustion  (PAC)  of  hydrocarbon  fuel  in  high-speed  airflow  was  studied 
in  our  previous  works  [1-7].  This  work  is  continuation  of  the  previous  ones. 

New  experimental  and  theoretical  results  on  non-premixed  PAC  and  its  completeness  in 
high-speed  airflow  are  considered  in  this  work.  Experimental  study  of  internal  PAC  is  carried  out 
in  the  hot  wind  tunnel  HWT-1.  Supersonic  airflow  (M<2,  Pst<l  Bar,  Tst<1000K)  is  created  in  the 
test  section  of  this  experimental  set  up.  Combined  electric  discharge  is  used  for  airflow  pre¬ 
heating  and  plasma-assisted  combustion.  Optical  spectroscopy,  IR  spectroscopy,  chemical 
analysis,  high-speed  digital  camera  are  used  to  study  plasma  and  radical  generation  in  PAC  zone. 

The  following  main  new  experimental  results  were  obtained  in  this  work: 

1.  Dynamics  of  non-premixed  PAC  in  vortex  airflow  and  non-vortex  one  is  studied  by 
digital  high-speed  camera.  It  is  revealed  that  self-organized  long-lived  PAC  structures  are 
created  in  airflow.  Electric  power  of  plasma  generators  are  decreased  by  these  PAC  “matches” 
considerably  in  our  experiment. 

2.  The  final  gas  composition  behind  PAC  zone  is  measured  by  FTIR  and  chromatograph. 
Partial  pressures  and  concentrations  of  chemical  species  are  obtained  at  different  operation 
modes  of  plasma  generator. 

3.  Effective  H2,  CO,  C2H2,  CH4,  C6H6....  generation  in  PAC  zone  is  obtained  in  rich 
propane-airflow  mixtures. 

4.  It  is  revealed  that  there  is  high  fuel  PAC  completeness  90-100%  in  a  lean  fuel  mixture 
only.  This  value  is  decreased  up  to  40%  in  rich  fuel  mixture. 

5.  Detail  optical  spectra  are  recorded  in  different  cross  sections  of  the  PAC  zone  at 
different  operation  modes  of  plasma  generator.  These  spectra  are  processed  and  analyzed. 

6.  Important  role  of  charged  and  excited  carbon  clusters  (soot  particles)  on  PAC  kinetics 
is  studied  in  this  work. 

7.  Extension  of  fuel  combustion  concentration  limits  for  rich  and  lean  mixtures  is  about  2- 
4  times  at  plasma  assistance. 

8.  Combustion  temperature  limit  of  lean  mixtures  is  decreased  up  to  2-3  times  at  plasma 
assistance. 

References: 

1.  Klimov  A.,  Bityurin  V.,  Kuznetsov  A.,  Tolkunov  B.,  Vystavkin  N.,  Vasiliev  M.,  External 
and  Internal  Plasma-  Assisted  Combustion,  AIAA  Paper  2004-1014.  Proc.  42nd  AIAA 
Aerospace  Sciences  Meeting  &  Exhibit,  4-8  January  2004,  Reno,  NV,  P.10 

2.  Klimov  A.,  Bityurin  V.,  VanWie  D.,  at.el.,  Plasma  Assisted  Combustion.  AIAA  Paper 
2002-0493,  Proc.40th  AIAA  Aerospace  Sciences  Meeting  &  Exhibit,  14-17  January  2002, 
Reno,  NV,  P.9. 

3.  Klimov  A.,  Byturin  V.,  Kuznetsov  A.,  Sukovatkin  N.,  Vystavkin  N,  Van  Wie  D.M.,  33rd 
AIAA  Plasma  dynamics  and  Lasers  Conference,  1 1-14  June  2002,  Maui,  Hawaii,  P.10 

4.  Klimov  A.,  Byturin  V,  Brovkin  V.,  Kuznetsov  A.,  Sukovatkin  N.,  Vystavkin  N,  VanWie 
D.,  Optimization  of  Plasma  Assisted  Combustion,  Proc.4th  Workshop  on  MPA,  Moscow  23- 
25  April,  2002,  IVTAN,  P.31 

5.  Klimov  A.,  Bityurin  V.,  Kuznetsov  A.,  Tolkunov  B.,  Vystavkin  N,  Sukovatkin  N,  Serov 
Yu,  Savischenko  N,  Yuriev  A.,  External  and  Internal  Plasma-  Assisted  Combustion  AIAA 


25 

Paper  2003-6240.  Proc.  41st  AIAA  Aerospace  Sciences  Meeting  &  Exhibit,  6-9  January 
2003,  Reno,  NV,  P.9. 

6.  Klimov  A.,  Bityurin  V.,  Kuznetsov  A.,  Vystavkin  N.,  Vasiliev  M.,  External  and  Combined 
Discharge  Plasma  in  Supersonic  Airflow,  Paper  2004-0670.  Proc.  42nd  AIAA  Aerospace 
Sciences  Meeting  &  Exhibit,  4-8  January  2004,  Reno,  NV,  P.33-38 

7.  Klimov  A.,  Bityurin  V.,  Study  of  Plasma-Assited  Combustion  of  Hydrocarbon  Fuel  in 
High-Speed  Airflow,  Combustion  Lows,  Ed.  Acad.  Polezhaev  Yu.,  Moscow,  RAS,  2006, 
P.93-104 


10.  nPOBE^EHHE  HHCJIEHHLIX  PACHETOB  JJJW  BBWCHEHHB 
B03M07KH0CTEH  IIJIA3MEHHOrO  HHHIJHHPOBAHHH  IIJIAMEHH  B 
CBEPX3BYKOBOM IIOTOKE  CMECEH  BO^OPO^A  H  3THJIEHA  C  B03/IYXOM 

H.B.  Kohctob* *,  C.B.  JleoHOB**,  A.II.  HanapTOBHH* 

*rHL(  P0  TpouijKUU  Hncmumyrn  Mnnoeaifiiormbix  u  TepMondepHbix  Hccnedoeanuu,  TpouifK 

M.o. 

**HHcmumym  Bucokux  TeMnepamyp  PAH ,  Mocma 

OyrmaMeHTajibHaa  npoSneMa,  CToamaa  nepen  pa3pa6oTHHKaMH  runepsByKOBoro 
npaMOTOHHoro  B03nyniHO-peaKTHBHoro  nBHraTejia  (FnBPJJ),  ycKopenne  BocnjiaMeHeHHa 
CMeCH  no  CBepX3ByKOBOH  CKOpOCTH.  B  odbIHHbIX  TOnJIHBO-B03nyniHBIX  CMeCHX  BOJIHbl  rOpeHHB 
CBH3aHH  c  nporpeBOM  ra3a,  noaTOMy  hx  pacnpocTpaHenne  onpenenaeTca  nponeccaMH  nepeHoca 
Tenna,  KOTOpbie  naxce  npn  HajiHHHH  cnjibHon  TypSyneiiTHOcxH  He  MoryT  naxb  Heo6xonHMOH 
CKOpOCTH  pacnpocipaHeHHH  BOJiHbi.  Mnea  Hcnojn>30BaHHa  njia3MeHHbix  MeTonoB 
BocnjiaMeHeiina  TonjiHBa  ocHOBaHa  Ha  HepaBHOBecHoii  renepauHn  xhmhhccich  aKTHBHbix 
nacTHii,  ycKopaiomHX  nponecc  ropeHHa.  FIpennonaraeTca,  hto  Bbmrpbim  b  OHeprun, 
3aTpaHHBaeMOH  um  ycKopeHHa  ropeHHa,  b  njia3MeHHbix  MCTonax  nocraraeTca  3a  cneT 
HepaBHOBecHoii  .npnponw  njia3Mbi  b  pa3pane,  no3BOJiaioineH  npoH3BecTH  CBepxpaBHOBecHyio 
KOHneHTpanHK)  panHKaJIOB.  BeJIHHHHa  3(J)(|)eKTa,  OHeBHHHO,  CHJIbHO  3aBHCHT  OT  HanaJIbHOH 
TeMnepaTypbi,  naBJieiiHa  h  cocTaBa  CMecn. 

JX o  chx  nop  HeT  npHHitHnHaJibHoro  noKa3aTenbCTBa  Toro,  hto  xpeOyeMoe  yMeHbmeHHe 

BpeMeHH  HHnyKUHH  B03MOJKHO  HJW  H3BeCTHbIX  TOnJIHB  H  H3BeCTHbIX  BHJJOB  pa3panOB,  KOTOpbie 
MoryT  no/wepxcHBaxbca  b  cBepx3ByKOBOM  noToxe  npn  aTMOccfiepnoM  naBJieHHH.  IIpocTOH 
HarpeB  T0nJiHB0-B03nyniH0H  CMecn  no  TeMnepaTypbi,  Korna  cKopocxb  ropeHHa  nonanaeT  b 
nnana30H  10-4  -  10"5  c'1,  TaK»e  npHBeneT  k  Heo6xonnMOMy  3<|)(J)eKTy  ynepacaHna  bojihm 
ropeHHa  b  KaHajie.  Bonpoc  MHHHMaJibHOH  neHbi,  KOTopyio  mojkho  3an;iaTHTb  3a  Heo6xonHMoe 
ycKopeHHe  ropeHHa,  HMeeT  npHHUHnHajibHoe  3HaneHHe,  Tax  Kax  b  OTcyTCTBHe  3aMeTHoro 
BbiHrpbima  npHMeHeHHe  nna3MeHHbix  MeTonoB  nn a  stoh  neJin  cTaHOBHTca  Henenecoo6pa3HbiM. 
npencTaBJiaex  Gonbinoft  HHTepec  royHHTb  3([)<f)eKT  yKoponeHna  BpeMeHH  BocnjiaMeHeHHa  CMecn 
b  ycjiOBHax,  KOTOpbie  MoryT  peajibHO  ocyinecTBnaxbca  b  CBepx3ByKOBbix  KaMepax  cropaHHa. 

BnepBbie  6bma  pa3pa6oTaHa  HHCJieHHaa  MoneJib,  coneraiomaa  TpanHnnoHHoe 
npn6nH)KeHHe  xhmhh  ropeHHa  c  coBpeMeHHOH  khhcthkoh  nna3Mbi,  6a3HpyioineHca  Ha 
pemeHHH  ypaBHeHHa  EojibnMaHa  nna  sjieKTpoHOB.  Tanoe  npHOjinxceHne  no3BonaeT  HaM 
caMocornacoBaHHO  onncaxb  HepaBHOBecHbiH  aneKTpHnecKHH  pa3pan  b  xhmhhcckh 
HecTaSnjibHOM  (BOcnnaMeHaeMOM)  ra3e.  HpoBonHTca  cpaBHeHne  BocnjiaMeHeHHa  BonoponHO- 
B03nymHOH  h  3THneH-B03nyniHOH  cMecen  b  pa3pane  h  npn  TeroiOBOM  HarpeBe.  HcnoJib30Bajincb 
nBa  pa3Hbix  npH6jiHxceHHa:  (1)  pemeHHe  ypaBHeHHH  MoneJiH  b  npnOjiHKeHHH  nocTOHHHOH 
nnoTHOCTH  h  CKopocra  ra3a;  (2)  pemeHHe  ypaBHeHHH  pa3panHOH  h  xHMHnecKOH  KHHeTHKH  b 
paMKaX  OnHOMepHOH  ra30B0H  nHHaMHKH. 

HHcneHHoe  MonejinpoBaHHe  noKa3ajio,  hto  Hcnonb30BaHne  pa3pana  3aMeTHbiM  o6pa30M 
coKpamaeT  nanHy  h  MHHHManbHyio  sHeprnio,  Heo6xonHMyio  nna  BocnnaMeHeHHa 
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npe^BapHTejibHO  CMemaHHoro  TonjiHBa  c  B03/iyxoM.  B  nacraocTH,  ajih  xaMepbi  cropaHHH 
/Ijihhhoh  80  cm,  BxoflHofi  CTaTHHecKofi  TeMnepaTypbi  ra3a  700K  h  CTaraHecKoro  ^aBJieHHH  ra3a 
1  aTM  MHHHManbHaa  yztenbHaa  3HeprHfl  pa3pjma  nocTOHHHoro  TOKa  am  CTexHOMeTpHHecxoH 
BoaopoflHO-B03flymHOH  cMecH  cocTaBjmeT  150  b  to  BpeMa  xax  npn  TenuoBOM 

HHHUHnpoBaHHH  noTpebyeTca  aHepraa  b  nBa  pa3a  6ojibma*i. 

3<jxj)eKT  ycKopeHHB  ropeHHa  BOAopo^HO-B03flyniHOH  CMecH  b  CBepx3ByKOBOM  xaHane  c 
noMombio  pa3p^fla  nocTOHHHoro  Toxa  He  oneHb  nyBCTBHTejieH  k  OTHomeHHio 
ToruiHBo/ OKHcnHTejib  h  nocTeneHHo  yMeHbmaeTCH  npH  pa36aBjieHHH  ropronero. 

noKa3aHO,  hto  xapaKiepHbie  fljiHHbi  BOcnnaMeHeHHH  npn  HHHitHHpoBaHHa  ropemw 
TJieiOmHM  pa3pa^OM  B  CTeXHOMeTpHHeCXOH  CMeCH  B03,ayxa  C  3THJICHOM  B  CBepX3ByKOBOM 
xaHane,  oxa3biBaioTC5i  6ojibiiie,  a  Tpe6yeMbie  sHeproBXJiaflbi  b  1.6  pa3a  Bbime,  neM  ana 
BOflOpOj^HO— B03ZtyiHH0H  CMCCH. 

06HapyxceHo,  hto  npH6jiH>xeHHe  nocToaHHOH  njioraocTH  ra3a  no  cpaBHeHHio  c  tohhbim 
peineHneM  oaHOMepHbix  ypaBHeHnn  ra30B0H  ^hh3mhkh  He3HaHHTejibHO  3aBbimaeT  nnHHy 
BOcnjiaMeHeHH«. 

CpaBHeHHe  3<j)<|)eXTOB  HHHHHHpOBaHHB  rOpeHHfl  CTeXHOMeTpHHeCXOH 
B0/l0p0JlH0-B03JiyiIIH0H  CMCCH  HenpepbIBHbIM  H  HMnyjIbCHbIM  pa3pH^aMH  MHKpOCeKyHZIHOH 
/HiHTejibHOCTbio  neMOHCTpnpyeT  OTHOCHTejibHO  He6oJibinoe  pa3JiHHHe  b  BenHHHHe  alexia. 
HMnyjibCHbie  pa3panbi  MHxpocexyHaHOH  ajiHTejibHOCTH  aaiOT  npHMepHO  25%  Bbinrpbrai  b 
cpe^Hen  moihhocth,  3aTpanHBaeMOH  Ha  no/pKHr  CMecH.  llpH  coxpameriHH  zumTejibHocra 
HMnyjibca  pa3pnna  no  10  hc  Tpe6yeMaa  cpe/maa  MomHOCTb  pa3paaa  yMeHbiuaeTca  HanonoBHHy. 

Abtopm  BbipaxcaiOT  SaaronapHOCTb  B.  B.  IIoTanKHHy,  npeaocTaBHBineMy  B03M0>KH0CTb 
Bocnojib30BaTbca  nporpaMMon  Chemical  Workbench,  h  M.  H.  CTpenxoBOH  3a  noMonjb  b 
cfjopMyjiHpoBKe  MexaHH3MOB  ropeHHfl  T0njiHBH0-B03nyuiHbix  CMeceik  Pa6oTa  noaaepacaHa 
axaneMHKOM  T.  T.  HepimiM  b  paMxax  riporpaMMbi  Ns  20  ripe3HnnyMa  PAH. 


10.  NUMERICAL  EVALUATIONS  OF  PLASMA  IGNITION  IN  SUPERSONIC  FLOW 
OF  MIXTURES  OF  HYDROGEN  OR  ETHYLENE  WITH  AIR 

I.  V.  Kochetov,  S.  B.  Leonov1,  A.  P.  Napartovich 

State  Research  Center  of  Russia  Troitsk  Institute  for  Innovation  and  Thermonuclear  Research 

(TRINITI),  Troitsk,  Moscow  region 

1 Institute  of  High  Temperature  Russian  Academy  of  Science  (IVTAN),  Moscow 

A  fundamental  problem  faced  by  designers  of  a  hypersonic  ramjet  is  the  acceleration  of 
ignition  of  a  fuel  mixture  to  a  supersonic  velocity.  In  common  fuel-air  mixtures,  combustion 
waves  are  associated  with  gas  heating;  therefore,  their  propagation  is  determined  by  heat  transfer 
processes,  which  cannot  provide  a  required  wave  propagation  velocity  even  in  the  presence  of 
strong  turbulence.  The  idea  of  using  plasma-assisted  methods  of  fuel  ignition  is  based  on 
nonequilibrium  generation  of  chemically  active  species  that  speed  up  the  combustion  process.  It 
is  believed  that  gain  in  energy  consumed  for  combustion  acceleration  by  plasmas  is  due  to  the 
nonequilibrium  nature  of  discharge  plasma,  which  allows  radicals  to  be  produced  in  an  over¬ 
equilibrium  concentration.  Evidently,  the  size  of  the  effect  is  strongly  dependent  on  the  initial 
temperature,  pressure,  and  composition  of  the  mixture. 

Up  to  now  there  is  no  clear  evidence  that  the  required  reduction  of  the  ignition  time  is 
feasible  for  the  known  fuels  and  discharge  types  sustainable  in  supersonic  flow  at  atmospheric 
pressure.  Thermal  heating  of  a  fuel-air  mixture  can  hold  the  flame  provided  the  burning  rate  falls 
into  the  range  10-4  -  10'5  s'1.  It  is  a  key  problem  of  the  minimum  energy  cost  to  be  paid  for  the 
burning  acceleration.  If  this  minimum  is  not  enough  low,  there  is  no  sense  to  elaborate  plasma 
methods  for  ignition  problem.  To  achieve  a  more  reliable  evaluation  modeling  should  be  done 
for  realistic  conditions  of  the  supersonic  combustion  engine. 
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For  the  first  time,  a  numerical  model  was  developed  combining  traditional  approach  of 
thermal  combustion  chemistry  with  advanced  description  of  the  plasma  kinetics  based  on 
solution  of  electron  Boltzmann  equation.  This  approach  allows  us  to  describe  self-consistently 
strongly  non-equilibrium  electric  discharge  in  chemically  unstable  (ignited)  gas.  The  comparison 
is  made  between  plasma-assisted  and  thermal  ignitions  for  the  hydrogen/air  and  ethylene/air 
mixtures.  Two  different  approaches  were  tested:  (1)  solving  of  model  equations  in  approximation 
of  a  constant  gas  density  and  flow  velocity;  (2)  solving  of  discharge  and  chemical  kinetic 
equations  in  frames  of  1  -D  gas-dynamics. 

Numerical  simulations  demonstrated  a  notable  reduction  of  the  ignition  length  and  the 
minimum  energy  input  in  the  discharge  required  for  the  ignition  of  the  pre-mixed  fuel.  In 
particular,  for  the  hydrogen/air  mixture  in  the  combustor  duct' of  length  80  cm,  the  inlet  static  gas 
temperature  700  K  and  static  gas  pressure  1  bar  the  minimum  reduced  energy  input  in  the  direct 
current  glow  discharge  is  150  J/g,  while  for  the  thermal  ignition  it  is  as  twice  as  high. 

The  numerical  simulation  of  dc  discharge-initiated  combustion  of  a  hydrogen-air 
mixture  in  a  supersonic  channel  has  shown  that  the  effects  of  acceleration  is  not  very  sensitive  to 
the  fuel/oxidant  ratio  and  gradually  decreases  with  fuel  dilution. 

It  is  shown  that  the  ethylene/air  mixture  can  be  ignited  by  the  glow  discharge  at  the 
reduced  energy  input  1 .6  times  greater  than  in  the  case  of  the  hydrogen/air  mixture. 

It  is  found  that  the  ignition  lengths  calculated  in  the  constant-gas-density  approximation 
are  only  slightly  greater  than  that  found  in  the  quasi- 1-D  gas-dynamic  model. 

A  comparison  of  the  effects  of  initiation  of  combustion  of  the  stoichiometric 
hydrogen— air  mixture  by  a  continuous  and  a  pulsed  discharge  reveals  a  relatively  small 
difference  in  the  size  of  the  effect.  Microsecond  pulse  discharges  give  an  approximately  25% 
gain  in  a  time-average  energy  consumption  for  ignition  of  the  mixture.  At  pulse  duration  about 
10  ns,  the  required  average  discharge  power  is  halved. 

We  are  grateful  to  B.  V.  Potapkin  for  kindly  presenting  the  possibility  of  using  the 
Chemical  Workbench  software  and  to  M.I.  Strelkova  for  assistance  in  the  formulation  of 
combustion  mechanisms  in  air-fuel  mixtures.  This  work  was  supported  by  Academician  G.  G. 
Chemyi,  program  no.  20. 


11.  O  B03M05KH0CTH  IIPHMEHEHHfl  HMIIYIIECHOH  IIJIA3MEHHOH  CTPYH 
UMl  BOCnJIAMEHEHHfl  B03#yiUHO-IIPOnAHOBOH  CMECH 

AjieKcanapoB  A.  <!>.,  Epnioe  A.  II.,  KaMempHKOB  C.A.,  KonecHiiKOB  E.  E.,  JIoryHOB  A.  A., 

HepHHKOB  B.  A.,  IUhSkob  B.M. 

0u3unecKuu  @aKyjibmem  MTV,  Mooted 

npHBO^aTCH  pe3yjibTaTbi  OKcnepHMeHTajibHbix  nccjie^oBaHHH  npouecca  B3auMo/ieucTBHa 
HMnynbCHOH  mia3MeHHOH  cTpyn  co  CBepx3ByKOBbiMH  noToxaMn  B03flyxa  h  B03flymH0- 
nponaHOBOH  CMecn.  IIjia3Ma  co3/taBaitacb  njia3MOflHHaMHHecKHM  MIIK  njia3MOTpoHOM, 
npoAOJibHaa  ocb  KOToporo  6buia  HanpaBJieHa  HaBCTpeuy  noToxy  non  yrnoM  60°  k  ero  och. 
OnpeneneHbi  ajiexTpHnecxne  napaMeTpbi  pa3pnna:  naneHne  HanpHacemw  Ha  pa3pane  h  ero  tok, 
MomHOCTb  h  BHepraa,  BbinejiaeMan  b  nna3Me  3a  BpeMH  HMnyjibca. 

no  OTHOCHTejibHbiM  HHTeHCHBHOCTHM  jihhhh  Menu  onpenejinjiacb  TeMnepaxypa 

B036y>K/ieHHH  COOTBeTCTByiOIUHX  OJieKTpOHHbIX  ypOBHeH,  KOTOpyiO  B  yCJIOBHHX  HaCTOHUJHX 
3KCnepHMeHTOB  B  nepH(J)epHHHOH  ofijiaCTH  CTpyH  MO)KHO  CHHTaTb  6.XH3KOH  K  TeMnepaType 
nna3Mbi. 

B  pe3yjibTaTe  npoBe^eHHbix  cneKTpaJibHbix  H3MepeHHH  6buio  nojiyueHo  none  TeMnepaiyp 
b  pa3JiHHHbix  ceneHHHx  njia3MeHHOH  CTpyn  b  CBepx3ByKOBOM  noToxe.  noxa3aHO,  hto 
MaxcHMajibHan  TeMnepaTypa  nna3Mbi  b  nepH(|)epHHHOH  o6nacTH  CTpyH  Habmo^aeTcn  b  Tonxax, 
pacnojKnxeHHbix  y  Topqa  MnK  -  njia3MOTpoHa,  h  npn  MaxcHMajibHoit  3anaceHHon  oHepran 
nocxHraeT  BejinuHHbi  nopa/ixa  4  aB.  TeMnepaTypa  nna3Mbi  yMeHbmaeTcn  npn  yMeHbmeHHH 
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HanpjDKeHHH  Ha  HaKonHTejibHOM  KOH^eHca-rope.  B  o6meM  cjiyuae,  b  pa3JiHHHBix  Tomcax 
ceueHua  njia3MeHHOH  CTpyn  h  npn  pa3JiHHHOH  3anaceHHOH  aHepran  TeMnepaTypa  H3MeHaeTca  b 
npe^ejiax  1,4  -r  4  aB. 

3KcnepHMeHTBi  no  HCcne^oBaHHio  B3aHMO,qeHCTBHa  mia3MeHHOH  CTpyn  co 
CBepx3ByKOBtiM  noTOKOM  B03^yinH0  -  nponaHOBoft  CMecH  noKa3ajin,  hto  b  pe3yjn>TaTe  Taxoro 
nponecca  peamnyeTca  pe>xHM  .qeTOHauHOHHoro  ropeHHa  cmcch.  Ha  ocHOBaHHH  pesyjibTaTOB 
o6pa6oTKH  cnraaiioB  c  ^aTHHKOB  ^aBJieHHH,  pacnojioxeHHBix  no  Been  flJiHHe  CBepx3ByKOBoro 
KaHana,  6bum  onpe^eneHti  TnnnHHBie  ycnoBHa  bo3hhkhob6hhh  b  TonjiHBHon  cMecn  pe>XHMa 
^eTOHaunn  h  HexoTOpBie  ero  xapaxTepncTHKH. 


11.  ON  A  POSSIBILITY  OF  PULSED  PLASMA  JET  APPLICATION  TO  IGNITION  OF 

PROPANE-AIR  MIXTURE 


A.F.  Aleksandrov,  A.P.  Ershov,  S.A.Kamenshikov,  E.B.  Kolesnikov, 

A.A.  Logunov,  V.A.  Chernikov,  V.M.  Shibkov 

Physical  department  M.  V.  Lomonosov  MSU,  Moscow 

Experimental  investigation  results  of  pulsed  plasma  jet  interaction  with  supersonic  air  and 
propane-air  mixture  flow  are  represented.  Plasma  was  created  by  plasmadynamic  magneto¬ 
plasma  compressor  (MPC)  plasma  generator.  Its  longitudinal  axis  was  directed  towards  the  flow 
under  the  angle  of  60°  to  the  plasma.  Following  discharge  electric  parameters  were  determined: 
voltage  drop  on  the  discharge,  discharge  power,  power  and  energy  released  in  the  plasma  during 
the  pulse. 

Electronic  levels  excitation  temperature  was  determined  by  relative  intensity  of  copper 
lines.  It  can  be  considered  close  to  the  plasma  temperature  in  the  jet  periphery  in  conditions  of 
present  experiments. 

In  results  of  undertaking  spectral  measurements  we  obtained  temperature  field  in  different 
cross  sections  of  the  plasma  jet  in  the  supersonic  flow.  We  have  shown  that  plasma  maximum 
temperature  in  jet’s  periphery  was  observed  in  points  located  near  MPC-  plasma  generator  face. 
At  maximum  stored  energy  it  reached  the  value  of  about  4  eV.  Plasma  temperature  decreased  at 
decrease  of  the  voltage  at  the  storing  capacity.  Temperature  in  general  case  changed  in  the  range 
1,4  -s-  4  eV  in  different  points  of  the  plasma  jet  and  at  different  stored  energy. 

Experiments  on  investigations  of  plasma  jet  interaction  with  supersonic  flow  of  propane- 
air  mixture  have  shown  that  the  mixture  detonation  combustion  mode  has  been  realized  in  the 
result  of  the  process.  Typical  conditions  of  the  detonation  mode  realization  in  the  fuel  mixture 
and  some  its  parameters  have  been  determined  with  a  help  of  pressure  sensors  located  along  the 
length  of  the  supersonic  channel. 


12.  3KCIIEPHMEHTAJIEHOE  H  TEOPETHHECKOE  HCCJIE^OBAHHE 

iipoijeccob  noflacurA  “aktubmpobahhoid  noracroro  toiijihba” 


B.K).  BejiiiKOAHbiH  B.K).1,  A.<I>.  AjieKcaHjpoB  2,  B.JI.  Emhkob  2,  B.II.  BopoTHJiiiH1,  A.B. 
EpeMeeB1,  JI.K.  Hhkhtchko1,  ,  H.E.  THMofoeeB2 ,  B.A.  MepHHKOB 2,  K).r.  Rhobckhh1,  JQJ. 

BaH  Bh 

1  Mncmumyrn  npuKnadnou  MexamiKU  PAH,  Mocxea 
2 ' Mockobckuii  rocydapcmeeHHbiu ynueepeumem  um.  M.B.  JloMonocoea 
3ymwepcumem  mi.  Jlptc.  XonKunca,  JIabopamopm  npuKjiadnou  (piauKU 


Ha  ocHOBe  TeopeTnuecxnx  h  axcnepHMeHTaribHbix  HccjieflOBaHHH  npe/moaceHa 
nepcneKTHBHaa  cxeMa  flByxxoHtypHoro  B03/tyiiiHO-peaxTHBHoro  npaMOTOHHoro  flBHraxejia  ana 
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peann3aiiHH  cTapia  rnnep3ByKOBoro  B03^yuiHo-KOCMHHecKoro  annapaTa  npaMO  c  noBepxHocTH 
3eMjin  6c3  HcnojiB30BaHHH  npeaBapHTejibHbix  npe^ycKopHTeneft. 

Co3^aH  “ropanHH  CTeHa”  pnn  HccneaoBaHHa  h  MoaeJiHpOBaHHa  padoTbi  stoh  cxeMbi  h 
HCCJie^oBaHHH  noaaotra  KepocHHa  b  ao3ByKOBOM  h  CBepx3ByKOBOM  noTOKax  c  Hcnojib30BaHHeM 
“aKTHBHpoBaHHoro  nopncToro  KepocHHa”.  Pa3pa6oTaHa  (|)opcyHKa  -  njia3MOTpoH  ana 
no^roTOBKH  h  pacnbma  “aKTHBHpoBaHHoro  nopncToro  TonnHBa”,  oGecneHHBaiomaa 
rapaHTHpoBaHHbiH  no/ixcHr  npn  HanHHHH  6ap6orapoBaHna.  IlpH  OTcyrcTBHH  6ap6oTHpoBaHHa 
noaacnr  yaaeTca  nojiynaTb  tojibko  npn  nocTeneHHOM  yBenHHeHMH  pacxoaa  KepocHHa  nepe3 
6ap6oTep.  flpn  OTcyTCTBHH  6ap6oTaa<a  c  Hcnonb30BaHHeM  30hbi  cTa6HJiH3aiiHH  njiaMeHH  h 
Hamero  nna3MOTpoHa  yaanocb  nonyHHTb  CTa6HJibHoe  ropeHHe  b  CBepx3ByKOBOM  noToxe  npn 
M<1.2  (6e3  noaorpeBa).  flpn  HanHHHH  6ap6oTaaca  ycTOHHH'Boe  ropeHHe  yaaBanocb  nonyuHTb 
npn  SojibuiHx  3HaneHHax  nnceji  Maxa  M  <  1 .4  (6e3  noaorpeBa).  H3  -  3a  oTcyTCTBHa  noiiHoro 
MO^ejiHpOBaHHa,  to  ecTb  H3-3a  cymecTBeHHoro  cHHateHHa  TeMnepaTypu  b  ochobhom  noToxe 
npn  1.4<M<1.6,  ycTOHHHBoro  ropenna  b  Haninx  ycnoBHax  (npn  sanaHHbix  pacxoaax  xonjiHBa) 
noJiyHHTb  He  yaanocb.  IlpH  M>1.6  ropeHHe  b  ochobhom  CBepx3ByKOBOM  noToxe  npeKpamanocb. 
Heo6xoziHMO  zionojiHHTejibHO  MoaepHH3HpoBaTb  ycTaHOBKy  ana  o6ecneuenHa  noaorpeBa 
B03ayxa.  IloKa3aHa  npHHUHnnajibHaa  bosmoxchoctb  CTaSnubHoro  ropeHHa  KepocHHa  b 
CBepx3ByKOBOM  noxoKe  aance  npn  hh3khx  TeMnepaiypax  BnaoTb  ao  -50°C,  npn  Hcnoab30BaHHH 
ana  ero  noaxcnra  “aKTHBHpoBaHHoro  nopncToro  TonjiHBa”. 

flaa  aKTHBapHH  «nopHCToro  TonaHBa»  Hcnoab3yeTca  yaapHOBOJiHOBOH  MeToa.  /fan  3Toro 
ra3oancnepcHaa  cMecb  TonaHBa  h  oKHCJiKTena  nepe3  (^opcyHKy-  njia3MOTpoH  b  HepacneTHOM 
peacHMe  noaaeTca  b  ochobhoh  noTOK  ra30KaneabH0H  CMecn  TonjiHBa  h  OKHCJiKTena.  IlpH 
TopMoaceHHH  ra3oancnepcHOH  CTpyn  o6pa3yeTca  yaapHaa  Bonna  b  Bnae  ancKa  Maxa.  B  stom 
caynae  ny3bipbKH  c  napaMH  xoruiHBa  h  OKHCJiKTena  pe3KO  cacHMaioxca,  o6pa3yiOTca  paaHKaabi, 
npoayKTbi  KOHBepcHH  h  KpeKHHra.  PeajiH30BaHbi  peacHMbi  3<|)4)eKTHBHoro  npeo6pa30BaHHa 
KHHeTHHecKOH  3HeprHH  b  XHMHHCCKyio  b  pe3ynbTaTe  npaBHJibHoro  conexaHHa  reoMexpHHecKHX 
pa3MepoB  ycTpoiicTB,  anaMeTpa  ny3bipbKOB,  ra30coaepacaHHa  h  cxopocTH  noTOKa, 
n03B0jia{omee  oSecneHHTb  rooxepMHHecKHH  pe>KHM  ycKopeHHa  ra3oaHcnepcHOH  CTpyn  h 
aaHa6aTHHecKHH  pc>KHM  cacaTna  bo  (J)poirre  yaapHOH  bojihh. 

Ha  ocHOBe  MoaeJiH  KpynHOMacurraSHoro  3axBaTa  bhchihch  cpeaw  nonyneHa  3aMKHyraa 
CHCTeMa  aH(}H}>epcHHHajibHbix  ypaBHeHHH,  no3BOJiHK>maa  paccHHTaTb  napaMeTpbi  nopncTOH 
CTpyn  Kax  c|)yHKHHH  paccToaHna  ot  Bxoaa  h  3aaaHHbix  ycnoBHH  ee  pacnpocTpaHeHHa  - 
ckopocth  h  naoTHocTH  BHeuiHeH  cpeabi,  CHJibi  TaacecTH  (ana  nnaByanx  cTpyii),  a  Taxace 
HanajibHoro  yrna  HaKJioHa  cxpyn  no  othouichhio  k  HanpaBJieHHio  ckopocth  BHeniHero  noTOKa 
ra3a.  Pe3ynbxaTbi  pacneTa  KanecTBeHHO  h  KOJiHnecTBeHHO  onncbiBaioT  KnaccnaecKHe 
3KcnepHMeHTbi,  noaTBepacaaa  TeM  caMbiM  cnpaBeanHBOCTb  npHHaTbix  aonymeHHH.  PacneTbi 
noaTBepanjiH  to  BecbMa  BaacHoe  cbohctbo  nopncTOH  CTpyn,  hto  c  yBejiHHeHHeM  nananbHoro 
ra30coaep>KaiiHa  coKpamaeica  a^HHa  ee  ynacTKa,  na  kotopom  ycTaHaBaHBaeTca 
CTeXHOMeTpHHeCKHH  COCTaB  CMeCH. 


12.  EXPERIMENTAL  AND  THEORETICAL  INVESTIGATION  OF  “ACTIVATED 
POROUS  FUEL”  IGNITION  PROCESSES 


V.Yu.  Velikodnyi1,  A.F.  Aleksandrov  2,  V.L.  Bychkov 2,  V.P.  Vorotilin1,  A.V.  Eremeev1, 
L.KK.  Nikitenko1, 1.B.  Timofeev2 ,  V.A.  Chernikov 2,  Yu.G.  Yanovskii1,  D.  VanWie 3 

‘institute  of  applied  mechanics  RAS,  Moscow 
2M.  V  Lomonosov  Moscow  state  university 
3  The  Johns  Hopkins  University  Applied  Physics  Laboratory 


Prospective  scheme  of  two-line  air  jet  direct  flow  engine  for  realization  of  hypersonic  air- 
cosmic  vehicle  start  directly  from  the  earth  surface  without  application  of  preliminary 
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preaccelerator  has  been  proposed  on  a  basis  of  theoretical  and  experimental  investigations. 

“Hot  stand”  for  investigations  and  modeling  of  this  scheme  operation  has  been  created..  It 
is  also  aimed  to  studies  of  kerosene  ignition  in  subsonic  and  supersonic  flows  applying.  Sprayer- 
plasmagenerator  for  preparation  and  atomization  of  “activated  porous  fuel”  Has  been  developed. 
It  ensures  fuel  ignition  at  bubbling.  Without  bubbling  one  can  realize  a  fuel  ignition  only  at 
gradual  kerosene  consumption  increase  through  the  bubblier.  In  the  case  without  bubbling  we 
managed  to  realize  a  stable  combustion  in  supersonic  flow  at  M<1.2  (without  heating)  at 
application  of  flame  stabilization  zone  and  our  plasmagenerator.  At  bubbling  we  manage  to 
realize  the  stable  bubbling  at  large  values  of  Mach  number,  M  <  1 .4  (without  heating).  We  did 
not  realize  the  stable  combustion  in  our  conditions  (at  given  fuel  mass  flow  rate)  at  1.4<M<1.6 
due  to  essential  temperature  decrease  in  the  main  flow.  The  combustion  stopped  in  main 
supersonic  flow  at  M>1.6.  It  is  necessary  to  additionally  modernize  our  set  up  in  order  to  ensure 
air  heating. 

We  have  demonstrated  a  principle  possibility  of  kerosene  stable  combustion  in  the 
supersonic  flow  even  at  low  temperature  down  to  -50°  C  at  application  of  “activated  porous  fuel” 
for  its  ignition. 

Shock  wave  method  is  used  for  “porous  fuel”  activation.  For  this  purpose  the  gas-  disperse 
mixture  of  the  fuel  and  oxidizer  is  delivered  to  the  main  flow  of  gas  -  drop  mixture  of  the  fuel 
and  oxidizer  through  the  sprayer-  plasmagenerator  in  abnormal  mode.  The  shock  wave  in  a  form 
of  Mach  disc  is  formed  at  gas  -  disperse  stream  stagnation.  Bubbles  with  vapors  of  the  fuel  and 
oxidizer  are  sharply  compressed  in  this  case,  radicals,  cracking  and  conversion  products  are 
created  at  that. 

Modes  of  effective  conversion  of  kinetic  energy  to  the  chemical  one  have  been  realized 
thanks  to  correct  combining  of  device’s  geometrical  sizes,  bubble  diameters,  gas  content  and 
flow  velocity.  This  allowed  to  ensure  isothermal  mode  of  gas-  disperse  stream  acceleration  and 
adiabatic  mode  of  compression  in  the  shock  wave  front. 

Closed  system  of  differential  equations  has  been  obtained  on  an  basis  of  large  scale  capture 
of  external  medium  model.  It  allows  to  calculate  the  porous  stream  parameters  as  the  function  of 
the  distance  from  the  inlet  and  given  conditions  of  its  propagation:  external  medium  velocity 
and  density,  gravitation  force  (for  floating  streams),  and  initial  incline  angle  of  the  stream  with 
respect  to  the  direction  of  external  gas  flow  velocity. 

Calculation  results  qualitatively  and  quantitatively  describe  classical  experiments 
confirming  correctness  of  accepted  assumptions.  Calculations  have  confirmed  a  very  important 
porous  stream  feature  that  its  part  length  decreases  at  which  the  stoichiometric  mixture 
composition  establishes  with  increase  of  the  initial  gas  content. 


13.  IIJIA3MEHHAS1  ^ETOHAIJHfl  IIPH  CBEPX3BYKOBOM  ^BH^CEHHH  B 

r  A30IUIA3MEHHbIX  CPE^AX 

K).JI.  CepoB. 

0TH  um.  A.0.  Hotfxpe  PAH,  CaHKm-llemep6yp2 

3a  nocne^HHe  ro^bi  b  ofnacTH  ahhbmhkh  ima3Mbi  nojiyneHH  AaHHbie,  H3MeHHiomHe 
HaiHH  npeZICTaBJieHHa  O  AHHaMHHeCKHX  CBOHCTBaX  CTOAKHOBHTeJIbHOH  CAa60H0HH30BaHH0H 
naa3MB.i.  nojiyHeHHbie  pe3yjibTaTbi  CBinaHbi  c  cymecTBOBaHHeM  4)yH^aMeHTajIbHI>IX 
pe30HaHCHbix  HejiHHeiiHbix  flHHaMHHecKHx  cbohctb  HepaBHOBecHOH  njia3Mbi.  B  pe3y;ibTaTe 
npoBeAeHHH  KOMnneicca  6anjincTHHecKHx  HCCJieflOBaHHH  6biJi  HccAeAOBaH  hobhh  hohho- 
aKycTHuecKHH  MexaHH3M,  conpoBOxmaroutHH  B3anM0/teHCTBHe  y/iapHbix  bojih  c  B036yxc^eHHbiM 
H  H0HH30BaHHbIM  Ta30M.  3t0  II03B0JIHJ10  oSbHCHHTb  pAA  HeiTOHSTHblX  AO  HaCTOAIIierO  BpeMeHH 
34)4>OKTOB,  B  TOM  HHCJie  aHOMajIbHOe  o6TeKaHH«  BbICOKOCKOpOCTHbIX  Tea  HepaBHOBecHOH 
cna60H0HH30BaHH0H  mia3MOH  ra30Boro  pa3pH/ta,  a  Taxxce  4,H3HtjecKyK)  npupo^y 
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H0HH3aiJH0HH0H  HeyCTOHHHBOCTH  yaapHbIX  BOJIH.  OflHaKO,  npoSneMa  B3aHMOaeHCTBHH 
BbICOXOCXOpOCTHbIX  TCHeHHH  C  njia3MOH  He  HCHepnbIBaeTCH  TOJIBKO  3THMH  (JjyHaaMeHTaabHblMH 
h  npHKJia^HbiMH  acneKTaMH.  HeaHHeimbie  aHHaMHHecxne  CBOHCTBa  HepaBHOBecHOH  naa3Mbi 
aBHHioTCfl  npoaBJieHHeM  (JiyHaaMeHTaabHbix  3aKOHOB  npnpoabi  h  peanroyioTca  Taxace  npH 
^BHXceHHH  CBepx3ByKOBbix  Tea  h  yaapHbix  bohh  b  XHMHHecKH  pearnpyioiUHX  ra3ax,  xoraa  b 
xoae  peaKHHH  oSpasyioTca  B036yacaeHHbie  h  H0HH30BaHHbie  nacTHHbi.  OcoGbin  HHTepec 
ripeacTaBaaioT  nccaeaoBaHHa  3aKOHOB,  no  KOTopbiM  npoHexoaHT  BbicoKocxopocTHoe  ropeHne  h 
aeTOHanna.  CanTaeica,  hto  aeTOHapna  npeacTaBaaeT  co6oh  coBoxynHoe  B03aencTBHe  yaapHOH 
BoaHbi  n  XHMHHecxon  peaxijHH,  noaaepacHBaiomeH  HHTeHCHBHOCTb  yaapHoro  BsaHMoaencTBua 
npn  3tom  HaSaioaaeTca  aaexTpoMarHHTHoe  B3aHMoaeHCTBHe,  Bbi3BaHHoe  ao  chx  nop  He 
HccaeaoBaHHbiMH  HepaBHOBecHbiMH  nponeccaMH.  HexoTopbie  aBTopbi  OTMenaiOT  3HaHHTeabHoe 
CXOaCTBO  aeTOHapHH  C  HOHH3apHOHHOH  HeyCTOHHHBOCTblO  yaapHbIX  BOaH  He  TOabXO  B  CaMbIX 
o6mnx  aepTax,  ho  aa>xe  b  aeTaabHbix  npH3Haxax.  3to  MoaceT  cBHaeTeabCTBOBaTb  06  o6meM 
saexTpoanHaMHHecxoM  (J)H3HHecxoM  MexaHH3Me,  peajrasyiomeMca  npn  BbicoxocxopocTHOM 
aBHa(eHHH  b  naa3Me.  IIaa3Ma  MoaceT  co3aaBaTbca  ncxyccTBeHHo  c  noMoiabio  ra30Boro  pa3paaa 
nan  o6pa30BbiBaTbca  caMoft  yaapHon  BoaHon  npn  (J)0T0H0HH3auHH  nan  b  xoae  xHMnnecxHx 
peaxpHH.  BcaeacTBne  stoto  npeacTaBaaeT  3HaaHTeabHbin  HHTepec  paccMOTpeTb  npo6aeMy 
aeTOHaaHH  h  pacnpocTpaHeHHa  yaapHbrx  BoaH  b  ropiOHHX  CMecax  c  tohkh  apeHna 
o6HapyaceHHbix  hobbix  <J)H3HaecxHX  npaHiinnoB,  aeacamnx  b  ochobc  BsaHMoaencTBua 
BbicoxocxopocTHbix  noToxoB  c  HepaBHOBecHOH  naa3MOH.  B  aoxaaae  HccaeaoBaHa  poab 
HeaHHenHbix  anHaMHHecxHX  cbohctb  HepaBHOBecHOH  naa3Mbi  b  peaaH3aiiHH  nponeccoB 
CBepx3ByxoBoro  ropenna  h  aeTOHaitHH.  B  paMxax  HOHHO-3ByxoBOH  Moaean  paccMOTpeHa 
XHHeTHaecxaa  cxeMa  4>opMnpoBaHHa  HOHHo-3ByxoBoro  coaHTOHHoro  crycTxa  b 
MHoroacnaxocTHOH  Moaean  XHcaopoaHO-BoaopoanoH  naa3Mbi  B6aH3H  (JipoHTa  yaapHoii  BoaHbi. 
YcTaHOBaeHO,  hto  b  cmcch  ra30B  oco6aa  poab  npHHaaaeacHT  xncaopoay,  nocxoabxy  oh  HMeeT 
HH3xo  pacnoaoaceHHbie  SHepreTHHecxne  TepMbi,  xoTopwe  aerxo  MoryT  3aceaaTbca  npH 
CToaxHOBeHHax  h  yaacTBOBaTb  b  naa3Moo6pa30BaHHH.  ycTaHOBaeHO,  hto  3HaneHHa 
npeaeabHbix  cxopoeren  aeTOHaqHH  aaa  pa3HHHHbix  CMeceft  coBnaaaioT  c  MaxcHMaabHOH 
4)a30B0H  CXOpOCTbK)  COaHTOHHbIX  CTyCTXOB.  HanpHMep,  OneHXH  no  HOHHO-3ByXOBOH  Moaean 

noxaaaan,  hto  o6mHe  npeaeabi  aeTOHaijHH  (1, 7-2,8  XM/cex)  cmcch  2H2  +  nO  2  npn  HopMaabHOM 
aaBaeHHH  ceaaaHbi  c  anana30H0M  cymecTBOBaHHH  coaHTOHHoro  crycTxa,  o6pa30BaHHoro 
HOHaMH  XHcaopoaa.  IlapaMeTpbi  stoto  crycTxa  o6ycaoBaeHbi  yaapaMH  BToporo  poaa  c 
ynacTHeM  HHacHero  MeTacTaSnabHoro  ypoBHa  Moaexyabi  xncaopoaa  c  3Heprnen  E  =  0,98  aB. 
ripoBeaeHHbie  HccaeaoBaHHK  noxa3biBaiOT,  hto  BbicoxocxopocTHoe  ropeHHe  onpeaeaaeTca 
3axoHaMH  pe30HaHCH0H  HeaHHeiiHOH  naa3MoaHHaMHXH  h  HanOoaee  3<Jx|>exTHBHO  peaaH3yeTca  b 
oOaacTH  BbicoxoHOHH30BaHHoro  coaHTOHHoro  crycTxa. 
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2.  Yu.  L.  Serov.  Experimental  Investigation  of  a  Supersonic  Sphere  Motion  in  Plasma  on 
Ballistic  Apparatus.  Proc.  2nd  Weakly  Ionized  Gases  Workshop,  Norfolk, 1998,  pp.32-45. 

3.  V.A.Pavlov,  Yu.L. Serov.  Supersonic  Motion  of  a  Body  in  Weakly  Ionized  Plasma: 
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4.  B,A.IIaBaoB.  HoHHo-3ByxoBOH  3<|)$exT  aornaan  XbiocTOHa.  On3Hxa  naa3Mbi,  2000, t.26, 
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13.  PLASMA  DETONATION  AT  SUPERSONIC  MOVEMENT  IN  GAS-PLASMA 

MEDIUMS 

Yu.L.  Serov 

Ioffe  Institute  RAS,  St. -Petersburg 

For  last  years  in  the  field  of  plasma  dynamics  the  data  changing  our  representations  about 
dynamic  properties  of  collisional  weakly  ionized  plasma  are  received.  The  received  results  are 
connected  to  existence  of  fundamental  resonant  nonlinear  dynamic  properties  of  nonequilibrium 
plasma.  As  a  result  of  carrying  out  of  a  complex  of  ballistic  researches  the  new  ionic  -  acoustic 
mechanism  accompanying  interaction  of  shock  waves  with  excited  and  ionized  gas  has  been 
investigated.  It  has  allowed  to  explain  a  number  of  not  clear  till  now  effects,  including  abnormal 
flows  of  high-speed  bodies  by  nonequilibrium  weakly  ionized  plasma  of  the  gas  discharge,  and 
also  the  physical  nature  of  ionization  instability  of  shock  waves.  However,  the  problem  of 
interaction  of  high-speed  flows  with  plasma  is  not  settled  only  by  these  fundamental  and  applied 
aspects.  Nonlinear  dynamic  properties  of  nonequilibrium  plasma  are  display  of  fundamental  laws 
of  the  nature  and  are  realized  also  at  movement  of  supersonic  bodies  and  shock  waves  in 
chemically  reacting  gases  when  during  reaction  the  excited  and  ionized  particles  are  formed. 
Special  interest  is  represented  the  laws  on  which  there  is  a  high-speed  burning  and  detonation.  It 
is  considered,  that  the  detonation  represents  cumulative  influence  of  a  shock  wave  and  the 
chemical  reaction  supporting  intensity  of  shock  interaction.  Thus  the  electromagnetic  interaction 
caused  till  now  by  not  investigated  nonequilibrium  processes  is  observed.  Some  authors  mark 
significant  similarity  of  a  detonation  with  ionization  instability  of  shock  waves  not  only  in  the 
most  general  features,  but  even  in  detailed  attributes.  It  can  testify  to  the  general  electrodynamic 
physical  mechanism  realized  at  high-speed  movement  in  plasma.  Plasma  can  be  created 
artificially  by  the  gas  discharge  or  to  be  formed  by  the  shock  wave  at  photo  ionization  or  during 
chemical  reactions. 

Thereof  it  represents  the  significant  interest  the  consideration  of  detonation  and 
propagation  of  shock  waves  in  gas  mixtures  from  the  point  of  view  of  detected  new  physical 
principles  of  interaction  of  high-speed  flows  with  nonequilibrium  plasma.  In  the  report  the  role 
of  nonlinear  dynamic  properties  of  nonequilibrium  plasma  in  realization  of  processes  of 
supersonic  burning  and  a  detonation  is  investigated.  Within  the  framework  of  ion  -  acoustic 
model  the  kinetic  scheme  of  ion  -  acoustic  soliton  bunch  formation  in  multifluid  model  of 
oxygen  -  hydrogen  plasma  near  to  front  of  a  shock  wave  is  considered.  In  a  mix  of  gases  the 
special  role  belongs  to  oxygen  as  it  has  low  located  power  terms  which  can  easily  be  occupied  at 
collisions  and  participate  in  plasma  formation  is  established.  The  values  of  speed  limits  of  a 
detonation  for  various  mixes  coincide  with  the  maximal  phase  speed  of  a  soliton  bunches  is 
shown.  For  example  the  estimations  on  ion  -  acoustic  model  have  shown,  that  the  common 
limits  of  a  detonation  (1,7-2, 8  km/s)  of  a  mix  2H2  +  nC>2  at  normal  pressure  are  connected  to  a 
range  of  existence  of  a  soliton  bunch,  which  is  formed  by  the  oxygen  ions.  Parameters  of  this 
bunch  are  caused  by  impacts  of  the  second  kind  with  participation  of  the  lower  metastable  level 
of  an  oxygen  molecule  with  energy  E  =  0,98  eV.  The  carried  out  researches  show,  that  high¬ 
speed  burning  is  determined  by  the  laws  of  resonant  nonlinear  plasma  dynamics  and  this  most 
effectively  realized  in  area  of  high  ionized  soliton  bunch. 
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14.  rA30PA3Pfl£HAfl  IIJIA3MA  B03^YXA  B  CBEPX3BYKOBOM  MI71 KAHAJIE 

C.B.  EooameB,  P.B.  BacnjibeBa,  A.B.  EpoiJieeB,  EX.  5KyKOB, 

T.A.  JIanyniKHHa,  C.A.  IIoHHeB 

<t>u3HKO-mexmmecKuii  mcmumym  um.  A.@.Ho(p<fie  PAH,  CaHKm-Ilemep6yp2 

Lfejitio  Hacxoamero  nccneAOBaHHH  aBnaexca  co3jjaHHe  OAHopoAHoro  oSbeMa  B03AyuiH0H 
hjih  a30TH0H  ra30pa3p5iAH0H  njia3Mbi,  ABHacymeroca  b  CBepx3ByKOBOM  MF/1  KaHane  npn 
HHCJiax  Maxa  noxoxa  M  =  3-5  h  napaMeTpe  MT^  B3aHMOAencTBHa  St,  AoexaxoHHOM  jxm 
Ha6AiOAeHHa  MF/1, 3(|)(j)eKXOB  (St  =  0,05). 

flaHHaa  pa6oTa  npeAcxaBnnex  co6on  npOAOAaceHne  itHKJia  pa6ox  no 
3KcnepHMeHTanBHOMy  nccAeAOBaHHK)  bo3Mo>khocth  ynpaBAeHna  cxauKaMH  b  AH<|)(J)y30pe  c 
noMombK)  MF/1,  MeTOAa.  /Jo  chx  n0P  3Ta  3aAana  b  ochobhom  MOAeanpoBanacb  nyTeM 
Hcnoab30BaHna  b  KanecxBe  paSonero  BemecTBa  HOHH30BaHHoro  HiiepxHoro  ra3a  Xe  [1]. 
nontiTKH  HOHH30BaTB  B03Ayx  c  noMombK)  ra30Boro  pa3paAa  6hjih  npeAnpHHHXbi  aBxopaMH  b 
[2],  HeKoxopwe  xeopexHHecKHe  pe3ynbxaxbi  no  nccneAOBaHmo  nepaBHOBecHOH  B03Aynmon 
naa3Mbi  npnBeAeHbi  b  [3]. 

Ha  nepBOM  axane  Aannon  paGoxbi  6 bijih  ncnpoGoBanbi  pa3JiHHHbie  cnoco6w  opraHH3annH 
ra30Boro  pa3paAa  Ana  co3AaHna  ah^Y3110®  njia3Mbi  b  HenoABHACHOM  o6xeMe  ra3a.  Han6onee 
nepcneKXHBHbiM  noHH3axopoM  B03Ayxa  h  a30xa  oxa3anca  KOMSHHnpoBaHHbm  pa3paA, 
ocymecxBJicHHbiH  c  noMombio  H30AHpOBaHHbix,  noAKjnoneHHbix  Ha  pa3AHHHbie  SannacxHbie 
conpoxHBJieHHa  mxwpeH.  KoMSHHHpoBaHHbiH  pa3paA  cocxohx  H3  BH  pa3paAa  c  nacxoxoH  10 
Mrn  ABHxeAbHo.cxbio  okojio  2  mkc.  h  BbicoKOBOJibXHoro  HMnyjibCHoro  pa3paAa  AanxeabHocxbio 
npHMepHO  5  mkc.  Kax  noKa3ajx  3KcnepHMeHx  HanSonee  oahopoahbim  pa3paA  nojiynaexca  npn 
AaBaeHHH  okojio  1 5  xopp. 

Ha  ocHOBe  3xhx  AaHHbix  6bui  pa3pa6oxaH  Mr/f  KaHan  c  HMiiyjibCHO-  nepnoAHnecKon 
HOHH3anneH  ra3a.  noxoK  B03Ayxa  hah  a30xa  co3Aaexca  b  yAapHoft  xpy6e  c  oxpaacaioiAHM 
coriaoM.  MT/f  KaHaa  npeAcxaBAaex  co6oh  ahhchho  pacmnpaiouiHHca  KaHan  c  yrnoM  pacxBopa 
22  rpaA,  ajihhoh  440  mm  h  nonepeHHbiM  pa3MepoM  40mm.  B  cepeAHHe  30Hbi  B3aHMOACHCXBHa 
nncno  Maxa  noxoKa  M  =  4,  CKopocxb  noxoxa  u  =  1,4  103  m/c,  xeMnepaxypa  ra3a  T=350  K, 
AaBneHne  p=15xop.  HHAyKHHa  MarHHXHoro  nona  1,5T.  Ha  aneKxpoAM  HOHroaxopoB  c 
HHxepBanoM  nopaAKa  IOmkc  b  onpeAeneHHOM  nopaAKe  noAaJoxcn  xopoxKHe  HOHH3yK)inne 
HMnynbCbi. 

B  AoxnaAe  6yAyx  npeAcxaBneHbi  pe3ynbxaxbi  3KcnepHMeHXOB  no  pa6oxe  CBepx3ByKOBoro 
MTR  KaHana,  paOoxaiomero  Ha  HMnynbCHO-nepHOAHHecKOH  HOHH3anHH  B03Ayxa  (a3oxa). 

Pa6oxa  BbinonHeHa  npn  noAAepacKe  rpaHxa  POOH  05-01 -00446a  h  nporpaMMbi 
npe3HAnyMa  PAH  «B3aHMOAeHCXBne  BbicoKOCKopocxHbix  noxoKOB  ra3a  c  nna3Mofi». 

JlHxepaxypa: 

1.  S.V.Bobashev,  A.V.Erofeev,  T.A.Lapushkina,  S.A.Poniaev,  R.V.Vasil’eva,  D.M.  Van 
Wie  “Experiments  on  MHD  control  of  Attached  Shocks  in  Diffuser”,  AIAA  Paper  2003-0169 

2.  S.V.  Bobashev,  A.V.  Erofeev,  T.A.  Lapushkina,  S.A.  Poniaev,  R.V.  Vasil'eva,  D.M. 
Van  Wie.  “Characteristics  of  the  MHD  Diffuser  Under  Different  Commutations  of  Current” 
AIAA  Paper  2005-1334 

3.  E.  Sheikin  and  A.  Kuranov  ,  MHD  Generator  with  Nonequilibrium  Conductivity  for 
Flow  Control,  AIAA  Paper  2006-1372,  2006 


34 


14.  GAS  DISCHARGE  AIR  PLASMA  IN  SUPERSONIC  MHD  CHANNEL 

S.V.Bobashev,  A.V.Erofeev,  T.A.Lapushkina,  S.A.Poniaev,  R.V.Vasil’eva,  B.G.Zhukov 

Ioffe  Physico-Technical  Institute  Russian  Academy  of  Sciences,  St. Petersburg 

The  aim  of  this  project  is  to  produce  a  uniform  volume  of  air  (nitrogen)  gas-discharge 
plasma  moving  in  a  supersonic  MHD  channel  at  Mach  numbers  M  =  3-5  with  conductivity 
sufficient  for  MHD  interaction  (St=0,05). 

This  project  is  a  continuation  of  the  series  of  earlier  experimental  studies  on  possibility  to 
control  attached  shocks  in  a  diffuser  by  the  MHD  method.  Until  now  this  task  has  been  modeled 
by  using  ionized  rare  gas  as  a  working  medium  [1].  Attempts  to  ionize  air  by  the  gas  discharge 
were  reported  in  [2].  Some  theoretical  results  on  investigation  of  nonequilibrium  air  plasma  are 
presented  in  [3]. 

Until  now  the  different  methods  of  production  of  gas  discharge  for  creation  of  diffuse 
plasma  in  non-moving  gas  were  tested.  The  results  show  that  the  most  efficient  ionizer  for  air 
and  nitrogen  is  a  combined  discharge  produced  through  isolated  pin  electrodes  with  different 
ballast  resistances.  The  combined  discharge  consists  of  a  HF  discharge  with  a  frequency  of  10 
MHz  of  2  mks  duration  and  a  high-voltage  pulse  discharge  with  a  duration  of  5  mks.  As  was 
shown  experimentally  the  most  uniform  discharge  is  made  at  pressure  of  about  1 5  torr. 

On  the  basis  of  this  data  the  MHD  channel  with  pulse-periodic  gas  ionization  was  made.  A 
flow  of  air  or  nitrogen  is  produced  in  a  shock  tube  with  a  reflecting  nozzle.  The  MHD  channel  is 
a  440-mm  long  linearly  divergent  channel  with  an  opening  angle  of  22  degrees.  Its  transverse 
size  is  35  mm.  At  the  middle  of  the  interaction  zone  the  Mach  number  of  the  flow  is  M=4,  the 
flow  velocity  is  u  =  1.4  103  m/s,  gas  temperature  is  T=350  K,  and  pressure  is  p=15  torr.  The 
maximum  value  of  magnetic  field  induction  is  1 .5  T.  Short  ionizing  pulses  are  applied  to  ionizer 
electrodes  with  an  interval  of  10  mks  in  a  definite  sequence. 

In  the  report,  results  obtained  in  the  experiments  with  the  supersonic  MHD  channel 
operating  on  the  basis  of  pulse-periodic  air  (nitrogen)  ionization  will  be  presented. 

.  The  work  was  supported  by  RFBR  05-01 -00446a  and  Program  of  RAS  Presidium 
“Interaction  of  high-speed  gas  flow  with  plasma”. 
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15.  PACHET  nPOBOAHMOCTH  nOTOKA  C03/JABAEMOH  3JIEKTPOHHLIM 
nYHKOM  JXJW  Mr#  ynPABJIEHHH  nOTOKOM 

E.T.  IUeHKHH 

Hayiuo-uccnedoeameiibCKoe  npednpmmue  zunep3eyK06bix  cucmeM,  CaHKm-IJemepdypz 
CaHKm-Tlemep6yp3CKUU  zocydapcmeeuubiii  ymieepcumem 

Hccjie^yeica  npouecc  4>opMHpoBaHHa  npoBOflHMocra  B03^yniHoro  noToxa  c  noMoim>io 
OJieKTpoHHoro  nymca  b  npujioxceHHH  k  npo6;ieMe  MT/f  ynpaBJieHHa  TeneHneM.  OScy^aiOTCH 
BJiHHHHe  aneKTpHHecKoro  h  MarHHTHoro  nonen  Ha  KOHiteHTpaumo  oneicrpOHOB  h  Ha 
npoBOjtHMOCTB  noToxa  b  HepaBHOBecHoit  njia3Me.  Hccjie/tyeTCB  bjihshhc  Heo/iHopoztHocTeH 
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noTOKa  Ha  npocTpaHCTBeHHoe  pacnpeuejieHHe  moiuhocth  BbwejraeMOH  3JieKxpoHHbiM  nyuKOM 
npn  npoxo>KAeHHH  uepe3  B03uyinHbiH  noTOK.  npeunoKeH  Mexou  pacnexa  KOHueHxpauHH 
3JieKTpOHOB  H  npOBOflHMOCTH  nJia3MbI  IIpOCTpaHCTBeHHO  HeO^HOpOflHOrO  B03flyiIIH0r0  nOTOKa 
co3^aBaeMbie  ajieKxpoHHbiM  nymcoM  b  ycjioBHax  xapaKTepHbix  ujm  Mr/f  ynpaBjieHHa  noTOKOM. 


15.  CALCULATION  OF  CONDUCTIVITY  SUSTAINED  BY  ELECTRON  BEAM  IN 
MHD  FLOW  CONTROL  APPLICATIONS 

E.G.  Sheikin 

Hypersonic  Systems  Research  Institute,  St.  Petersburg 
Saint-Petersburg  State  University,  St.  Petersburg 

The  process  of  formation  of  the  air  flow  conductivity  by  using  electron  beam  is 
investigated  in  connection  with  the  MHD  flow  control  applications.  The  electric  and  magnetic 
fields  influence  on  the  electron  concentration  and  on  the  flow  conductivity  is  discussed. 
Influence  of  the  flow  nonuniformities  on  the  spatial  distribution  of  the  energy  deposited  by  e- 
beam  in  the  air  flow  is  investigated.  The  method  of  calculation  of  electron  concentration  and 
conductivity  of  plasma  sustained  by  e-beam  in  a  nonuniform  air  flow  in  conditions  typical  for 
MHD  flow  control  applications  is  developed. 


16.  M TJX  ynPABJIEHHE  nOTOKOM 

B.A.Bhtiophh,  A.H.EonapoB,  /LC.EapaHOB 

Hucmumym  ebicomx  meMnepamyp  Poccuuckou  AnadeMuu  Hayi<  (HBTPAH),  Mocnea 

A.B.KpaCHJlbHHKOB,  lO.A.IIjiaCTHHHH 

Heumpanbubiu  uayHHO-uccjiedoeamejibCKUu  mcmumym  MaiuuHOcmpoeuun  (LfHHHMALU) 

Koponee,  Mockobckuh  obnacmb 

npoBe^eHbi  (JiyimaMeHTajibHbie  HccjieaoBaHHa  b  ofjiacxH  MarHuxo-njia3MeHHOH 
aapoflHHaMHKH  no  MF/f  ynpaBJieHHio  BHeuiHHMH  h  BHyTpeHHHMH  xeueHHaMH. 
DKcnepHMeHTajibHO  h  xeopexHHecKH  HccneuoBajiocb  MT/f  o6xeKaHHe  npocxenmnx  xen,  xaxnx 
Kax  KpyrjibiH  uhjihhup  h  kjihh.  Ochobhoh  3auaneH  HBJianacb  oueHKa  CHHacemra  xemiOBbix 
nOXOKOB  C  nOMOIUBK)  MT/f-B3aHMOfleHCXBHH  H  oueHKa  nOXeHUHanbHbIX  B03M0>KH0CXeH  MT/1 
Mexoua  MouncJmuHpoBaxb  noue  xenemm  Ha  Bxoue  B03ayxo3adopHHKa  rHnep3ByKOBoro 
JiexaxejJbHoro  annapaxa. 

MT/f  yrrpaBireHHe  BHyxpeHHHMH  xeueHHHMH  paccMaxpHBajioct  Kax  acJicJieKXHBHoe 
CpeuCXBO  C  XOHKH  3peHHH  HHXeHCH(f)HKaUHH  npOUeCCOB  CMemeHHH  H  ropeHHB  B 
BbicoKOCKopocxHbix  ra30-njia3MeHHbix  noxoKax.  B  padoxe  (JiopMyjiHpyexca  h  npoBepaexca  c 
noMombio  HHCJieHHbix  3KcnepHMeHX0B  HOBaa  KOHuenuHa  peaKunoHHoro  obbeMa. 

DKcnepuMeHxajibHbie  HCCJieuoBaHHa  npoBOUHJMCb  Ha  usyx  ycxaHOBKax  c 
napaMexpaMH,  6jih3khmh  k  HaxypHbiM:  rxmep3ByKOBOH  aapouHHaMHuecKOH  xpy6e  HATH  c 
MF^f  ycKopeHueM  noxoKa  (rHnep3ByKOBbie  ucnbixaHHa)  h  uosbvkobom  BbicoKOHacxoxHOM 
ruiasMaxpone  LfHHHMAIH  npouonacuxejibHOH  HenpepbiBHOH  padoxbi  (uo  h  xpaHC3ByKOBbie 
HcnbixaHHa).  Ode  ycxaHOBKH  xapaKxeproyioxca  MeraBaxxHbiM  ypoBHeM  aHepran  noxoKa.  3xh 
SKcnepHMeHXbi  conpoBoacuajmcb  6oJibmHM  odueMOM  HHCJieHHbix  pacuexoB  c  Hcnojib30BaHneM 
nporpaMMHoro  duoxa  Plasmaero. 
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16.  MHD  FLOW  CONTROL 

V.A.  Bityurin,  A.N.  Bocharov,  D.S.Baranov 

Institute  of  High  Temperatures  of  Russian  Academy  of  Sciences  (1VTAN),  Moscow 

A.V.  Krasilnikov,  Yu. A.  Plastinin 

Central  Research  Institute  of  Machine  Building  (T sNIIMash),  Korolev,  Moscow  region 

The  fundamental  study  in  the  field  of  magneto  plasma  aerodynamics,  and  in  particular, 
MHD  control  of  external  and  internal  flows  is  presented.  The  MHD  control  of  the  external 
hypersonic  flow  over  the  simplest  bodies  such  as  circular  cylinder  and  wedge  is  analyzed 
experimentally  and  numerically  to  estimate  the  peak  heat  flux  reduction  due  to  MHD  interaction 
in  up-stream  area. 

The  MHD  control  of  internal  flows  is  considered  as  an  effective  way  to  intensify  the 
processes  of  the  convective-diffusive  mixing  in  high-speed  gas-plasma  flows.  The  new  concept 
of  the  reacting  volume  formation  formulated  and  validated  with  numerical  simulations  for  such 
processes  earlier  is  to  be  studied  experimentally. 

The  experiments  conducted  at  two  sub-full  scale  facilities:  hypervelocity  MHD  driven  WT 
of  blow-down  operation  at  TsAGI  (hypersonic  flow  tests)  and  subsonic  high  frequency 
plasmatron  driven  WT  of  continuous  operation  at  TsNIIMash  (sub-  and  transonic  flow  tests). 
Both  facilities  are  of  MW  level  of  flow  power.  These  experiments  are  supported  by  wide  range 
numerical  simulations  with  PlasmAero  family  computer  code. 


17.  INTERACTION  OF  PULSED  ENERGY  DEPOSITION  WITH  A  NORMAL  SHOCK: 

EXPERIMENTAL  AND  COMPUTATIONAL  INVESTIGATION 

Doyle  Knight 

Rutgers:  The  State  University  of  New  Jersey,  Piscataway,  NJ 

Hong  Yan 

Dept  of  Mechanical  and  Materials  Engineering,  Wright  State  University,  Dayton,  OH 

Taylor  Swanson,  Greg  Elliott,  and  Nick  Glumac 

University  of  Illinois  at  Urbana-Champaign,  Urbana,  IL 

A  joint  experimental  and  computational  study  was  performed  to  investigate  the  flow  field 
resulting  from  the  interaction  of  pulsed  energy  deposition  with  a  normal  shock  wave  created  in  a 
supersonic  flow  with  a  nominal  Mach  number  of  1.5.  The  energy  is  deposited  in  the  flow  by 
focusing  a  laser  beam  from  a  pulsed  Nd:  YAG  laser.  The  laser  energy  absorbed  by  the  deposition 
process  was  170  mJ  resulting  in  a  nondimensional  deposition  energy  as  defined  by  Yan  et  al.  [1]  on 
the  order  of  630.  The  experiments  were  conducted  at  the  University  of  Illinois  in  a  newly 
constructed  supersonic  tunnel  with  a  measured  Mach  number  of  1.4.  The  location  of  the 
unperturbed  normal  shock  is  held  relatively  constant  utilizing  a  second  throat  and  regulating  the 
incoming  stagnation  pressure.  Laser  positions  were  investigated  with  the  laser  spark  focused  in  the 
middle  of  the  normal  shock  at  a  streamwise  location  25  mm  before  (Case  1)  and 
approximately  at  (Case  2)  the  normal  shock  location.  Both  instantaneous  and  phase  averaged 
digital  schlieren  photography  images  were  taken  at  delay  times  ranging  from  5  to  220  us  relative  the 
initiating  laser  spark.  The  heated  region  and  blast  wave  are  clearly  visible,  as  well  as,  the  resulting 
effect  on  the  normal  shock  train.  For  Cases  1  and  2  the  thermal  region  created  by  the  energy 
deposition  process  induced  a  thermal  lensing  effect  on  the  normal  shock  as  it  is  locally  pulled 
forward  by  the  increased  speed  of  sound  resulting  from  the  higher  temperature  which  locally 
decreases  the  Mach  number.  After  the  heated  region  passes  through  the  normal  shock,  the  center 
of  the  shock  moves  slightly  upstream  resulting  in  a  flattened  appearance.  As  the  heated  region 
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passes  through  the  shock  it  appears  to  form  into  a  ring  vortex  structure  with  the  axis  oriented  in  the 
streamwise  direction  becoming  elongated  as  it  convects  downstream.  The  energy  deposition  and 
normal  shock  interaction  was  also  studied  using  a  two-dimensional  numerical  simulation  utilizing 
GASPex  to  solve  the  compressible  Navier-Stokes  equations  and  a  perfect  gas  model  of  the  energy 
deposition  process,  which  has  been  described  previously.  [2]  Figure  1  shows  an  image  of  the 
computed  Mach  number  and  total  pressure  contours,  and  experimental  Schlieren  image  for  a 
single  laser  energy  pulse  (Case  2)  upstream  of  Mach  1 .5  normal  shock  wave-turbulent  boundary 
layer  interaction.  Quite  clear  is  the  thermal  lensing  effect  on  the  normal  shock  wave  and  the 
initiation  of  the  vortex  structure,  which  is  observed  in  both  the  computations  and  experiments. 


Figure  1.  Computed  Mach  number  (a)  and  pressure  (b)  contours  and  an 
experimentally  obtained  schlieren  image  of  the  interaction  of  laser  energy 
deposition  with  a  normal  shock  in  a  nominal  Mach  1 .5  flow. _ 
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18.  A  KINETIC  MODEL  OF  MICROWAVE  ENERGY  DEPOSITION  IN  AIR 

Yuri  Kolesnichenko 

Dept  of  MHD  and  Low  Temperature  Plasma,  IVTAN,  RAS,  Moscow 

Dmitri  Khmara 

Dept  of  MHD  and  Low  Temperature  Plasma,  LVTAN,  RAS,  Moscow 

Doyle  Knight 

Dept  of  Mechanical  and  Aerospace  Engineering,  Rutgers  University,  New  Brunswick, 

NJ  USA 

Recent  research  on  microwave  energy  deposition  in  air  has  emphasized  its  potential  for 
aerodynamic  flow  control.  In  particular,  microwave  plasmoids  have  been  demonstrated 
experimentally  to  achieve  drag  reduction  of  extraordinary  efficiency  in  supersonic  flow  past 
blunt  bodies.  [1,2]  Perfect  gas  simulations  [3]  of  the  interaction  of  a  thin  elongated  "density  well" 
(i.e.,  the  thin  filament  formed  within  the  microwave  plasmoid)  with  a  blunt  body  in  supersonic 
flow  have  confirmed  the  principal  effect  to  be  thermal.  However,  a  more  detailed  real  gas 
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model  is  needed  for  two  reasons.  First,  the  timescales  for  the  relaxation  of  the  gas  species 
following  the  microwave  pulse  range  from  the  order  of  the  pulse  duration  (=1  gs)  to  the  flow 
convection  time  (  =  10  jt is).  Second,  the  microwave  filament  locations  are  somewhat  random. 
Since  the  drag  reduction  is  strongly  dependent  on  the  orientation  of  the  filament  with  respect  to 
the  blunt  body  shock  (i.e.,  a  filament  elongated  in  the  direction  of  the  flow  and  aligned  with  the 
axis  of  the  body  yields  the  largest  drag  reduction),  it  is  important  to  develop  more  detailed 
models  of  microwave  energy  deposition. 

A  kinetic  model  of  microwave  energy  deposition  in  air  has  been  developed. [4]  The 
model  includes  23  species  and  234  reactions.  The  reaction  coefficients  of  electron-neutral 
reactions  (excitation,  ionization,  dissociation,  attachment  etc)  were  computed  based  upon 
numerical  solutions  of  the  Boltzmann  equation  for  electron  energy' in  an  external  field  using 
the  code  and  database  EEDF  developed  at  the  Insititute  for  High  Temperatures  RAS.  A 
correction  factor  is  applied  to  field  dependent  reactions.  The  gas  temperature  Tg  is 
determined  by  elastic  collisions  of  the  electrons,  the  heat  of  reactions  and  rotational  heating 
through  microwave  energy  deposition. 

Results  for  the  simulation  of  microwave  energy  deposition  in  air  at  70  Torr  and  initial  Tg 
of  200  K  are  shown  in  Figs.  1  to  3.  The  microwave  frequency  is  9  GHz,  and  the  specified  pulse 
duration  is  1.8  gs  with  a  maximum  field  3.687  kV/cm  (Fig.  1).  The  electron  concentration  and 
energy  deposition  are  shown  in  Figs.  2  and  3.  The  computed  gas  temperature  Tg  at  t  =  3.6  gs  is 
280  K  which  agrees  closely  with  the  experimental  Tg  =  270  K  at  the  end  of  the  pulse. 


Figure  1.  E  vs  t 


Figure  2.  Ne  vs  t 


Figure  3.  e  vs  t 
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19.  HHHIJHAIJHil  H  nOAHEPJKAHHE  CJIAEOH  ^ETOHAIJHOHHOH  BOJIHbl B 

nOTOKE  CO  CKOPOCTBIO  BBIIHE  CKOPOCTH  HEnMEHA-^KYTE  C 
nOMOUlbK)  MHKPOBOJIHOBOrO  PA3PHM 

Khphjiji  B.  XoaaTaeB 

0fyn  “Mockobckuu  PaduomexHmecKUu  HHcmumym  PAH ” 

CriocoSHOCTb  MHKpoBOJiHOBoro  noflicpHTHHecKoro  pa3pa^a  BbicoKoro  ji&Bneum 
HHHUHHpoBaTb  h  no/wepjKHBaTb  ropenne  b  ropiOHHX  ra30Bbix  CMecax  b  BbicoKO-CKopocTHbix 
noTOKax  (biuiotb  flo  CBepx3ByKOBbix)  noKa3aHO  TeopeTHnecKH  h  SKcnepHMeHxaJibHO.  [1-4] 
TeopeTHnecKoe  HCCJieflOBaHHe  npe^CKa3biBaeT,  hto  MHKpOBOJiHOBbie  pa3pa^bi  3Toro  run  a 
Cn0C06HbI  HHHIJHHpOBaTb  He  TOJIbKO  TOpeHHe,  HO  TaK)Ke  H  aeTOHaHHK).  BOJIOKHHCTM  CTpyKTypa 
pa3pa^a  co's^aer  ropauHe  aKTHBHbie  ueHTpbi  noAodHO  aKTHBHbiM  tohk3m  b  aneKKax  (])poHTa 
AeTOHaaHOHHOH  BOJiHbi  b  pe>KHMe  tIenMeHa  -  )Kyre.  3to  03HanaeT,  hto  HCKyccTBeHHbie 
aKTHBHbie  TOHKH,  C03AaBaeMbie  MHKpOBOJIHOBbIM  pa3pKAOM  B  OnpeAeJieHHOH  o6naCTH  nOTOKa 
ropioneH  CMecH,  Moryx  (JiopMHpoBaTb  KBa3HCTanHOHapHyio  cjia6yio  (He/iooKaTyio)  Bojmy 
AeTOHauHH  b  3aAaHHOM  MecTe.  CTHMyjiHpyeMaa  cjia6aa  BOJiHa  AeTOHapHH  MoaceT  cymecTBOBaTb 
b  iHHpoKOM  AHana30He  ckopocth  Ha6eraiomero  noToxa,  ecjiH  OHa  npeBbimaeT  cxopocTb 
HenMeHa-DKyre. 

IlpHMeHeHHe  AeTOHaitHOHHoro  pexoiMa  ropeHHH  b  peaKTHBHbix  ABHraTenbHbix 
CHCTeMax  o6cyx(AaeTca  b  TeneHHe  6oJiee  nojiOBHHbi  CTOneTHa.  HaHdoJiee  npHBjieKaTejibHOH 
asaaeTca  H,xea  Hcriojib30BaHHa  CTaitHOHapHOH  bojihbi  AeTonannn.  OTMenemibie  choco6hocth 
MHKpoBoaHOBoro  noAKpHTHHecKoro  pa3p«Aa  noMoryT  pemaTb  HeKOTopbie  npodneMbi, 
KacaiouiHeca  pa3pa6oTKH  peaKTHBHbix  ABHraTejien,  ocHOBaHHbix  Ha  AeTOHapHOHHOM  ropeHHH  b 
CTanHOHapHOM  peacHMe. 
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43nd  AIAA  Aerospace  Sciences  Meeting  10-13  January  2005,  Reno,  NV.  Paper  AIAA-2005- 
0989 

3.  K.Khodataev.  Numerical  Modeling  of  the  Combustion,  Assisted  by  the  Microwave 
Undercritical  Attached  Discharge  in  SupersonicFlow.  43nd  AIAA  Aerospace  Sciences  Meeting 
10-13  January  2005,  Reno,  NV.  Paper  AIAA-2005-0985 

4.  K.  Khodataev.  The  Ignition  of  the  Combustion  and  Detonation  by  the  Undercritical 
Microwave  Discharge.  AIAA  Plasmadynamics  and  Laser  Conference,  32nd,  and  Weakly  Ionized 
Gases  Workshop,  4th,  Anaheim,  CA.  Jun  11-14,  2001.  AIAA  Paper  2001-2941. 


19.  WEAK  DETONATION  WAVE  IGNITION  AND  SUSTAINING  IN  OVER  CJ-SPEED 
FLOW  BY  MEANS  OF  UNDERCRITICAL  MICROWAVE  DISCHARGE 

Kirill  V.  Khodataev 

UFSF  “ Moscow  Radiotechnical  Institute  of  RAS” 

The  microwave  undercritical  high  pressure  discharges  ability  to  ignite  and  to  sustain 
combustion  in  flammable  gas  mixes  in  high-speedy  flows  (up  to  supersonic  flows)  is  shown 
theoretically  and  experimentally.  The  performed  theoretical  study  predicts  that  microwave 
discharges  of  the  same  type  are  able  to  ignite  not  only  combustion,  but  detonation  too.  The 
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filamentary  structure  of  discharge  creates  the  hot  active  centers  like  active  points  in  cells  in  front 
of  CJ  detonation  wave.  It  means  that  artificial  active  points,  created  by  microwave  radiation  in 
definite  region  of  combustible  mix  flow,  will  able  to  provoke  the  quasi-stationary  weak 
detonation  wave  in  fixed  location.  The  stimulated  weak  detonation  wave  can  exist  at  wide 
diapason  of  oncoming  flow  speed,  if  it  is  more  CJ  velocity. 

Application  of  detonation  regime  of  burning  in  propulsive  systems  is  discussed  during 
more  than  half  century.  The  most  attractive  idea  is  based  on  use  of  standing  detonation  wave  in 
jet  engines.  Noted  property  of  microwave  undercritical  discharge  will  help  to  solve  some 
problems  concerning  to  design  of  propulsive  jet  engines  based  on  detonation  in  continuous 
mode. 
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20.  CONTROL  OF  FLOW  PAST  A  WING  SECTION  WITH  PLASMA-BASED  BODY 

FORCES 

Datta  Gaitonde,  Miguel  Visbal,  and  Subrata  Roy 

The  response  of  the  flow  past  a  stalled  NACA  0015  airfoil  at  15  deg  angle  of  attack  and 
Reynolds  number  of  45,  000  to  body  forces  originating  from  radio-frequency  asymmetric 
dielectric-barrier-discharge  actuators  is  described  via  direct  numerical  simulations.  The 
theoretical  model  couples  a  phenomenologically  derived  averaged  body  force  with  a  high-order 
3-D  compressible  Navier-Stokes  solver.  The  body  force  distribution  is  assumed  to  vary  linearly, 
diminishing  away  from  the  surface  until  the  critical  electric  field  limit  is  reached.  Various 
magnitudes  and  orientations  of  the  force  field  are  explored,  ranging  from  vertically  upwards 
(away  from  the  body)  to  vertically  downwards  (towards  the  body).  The  imposed  body  forces 
couple  to  the  non-linear  inertial  terms  and  the  pressure  gradients  to  engender  a  complex 
sequence  of  events.  A  significant  streamwise  component  of  body  force  assures  the  reduction  or 
elimination  of  stall  with  the  formation  of  a  stable  wall-jet. 

When  the  only  component  of  the  force  vector  is  pointed  normal  to  and  away  from  the 
surface,  no  control  effect  is  achieved.  On  the  other  hand,  when  the  force  vector  is  directed 
towards  the  surface,  a  shallower  separation  region  is  observed  relative  to  the  no-control  case,  but 
is  accompanied  by  unsteady  boundary  layer  development.  At  the  low  Mach  number  considered 
(0.1),  the  work  done  by  the  force  has  little  impact  on  the  solution,  and  density  variations  remain 
less  than  5%.  Relaxation  effects  are  explored  by  abruptly  switching  off  the  force,  and 

estimates  of  response  times  are  noted.  The  lack  of  a  proper  spanwise  breakdown 
mechanism  for  the  separated  shear  layer  in  2-D  simulations  results  in  large  coherent  structures, 
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whose  response  in  transient  and  unsteady  asymptotic  states  differ  significantly  from  those 
observed  in  3-D.  Nonetheless,  if  the  force  is  sufficiently  effective  to  eliminate  separation,  the 
flowfield  becomes  generally  two-dimensional  and  steady  in  the  vicinity  of  the  airfoil,  and  the 
overall  results  from  2-D  and  3-D  analyses  are  similar. 


21.  COBMECTHOE  HCIIO JIB30BAHHE  B^YBA  TA3A  H  CBH  PA3PHAA  JW 
yMEHbOIEHHH  COnPOTHBJIEHHH  B  CBEPX3BYKOBOM  IIOJIETE 

JIauiKOB  B.A.,  MauieK  H.H.,  Ahhchmob  K).H.,  HBaHOB  B.H. 

CaHKm  llemepdypacKuu  eocydapcmeeHHbiu  ynueepcumem 

KojiecHHHeHKo  K).3>. 

Hncmumym  Bucokux  TeMnepamyp  PAH,  Mocxea 

A3apoBa  O.A. 

BbimicnumenbHbiu  IJeump  PAH,  Mocmci 

MliKpOBOJIHOBblil  pa3pafl  HBJIHeTCa  HHTepeCHbIM  ra30JtHHaMHHeCKHM  o6beKTOM,  KOTOpblH 
moikho  Hcnonb30BaTb  a jik  cymecTBeHHoro  H3MeHeHHa  aapoziHHaMHHecKoro  conpoTHBjieHua 
Tena.  BuxpeBoe  ABHXceHHe  b  ynapHOM  cnoe  Ha  Tene,  Bbi3BaHHoe  B3aHMoneiiCTBHeM 
B036yacrreHH0H  nocae  CBH  paapAaa  o6nacTH  ra3a,  c  touobhoh  y/iapnoh  bojihoh,  ecTb 
npriHUHnnajibiibiH  MexaHH3M  H3MeneHHa  conpoTHBJieHna  Tena  [1], 

nonyueHbi  HOBbie  pe3ynbTaTbi  noBeneHna  jioGoboh  h  oGiach  chh  conpoTHBnenHa  b 
npouecce  B3aHMonencxBHa  tohkoh  orpaHHueHHOH  no  a^hhc  odnacTH  ra3a  c  noHnaceHHOH 
nnoTHOcTbio  c  ynapnbiM  cnoeM  Ha  3aTynneHHOM  HHJiHHApe.  IIpHcyrcTBHe  nonocTH  b  uHJiHHApe 
ycnnHBaex  aiJxfieKT  yMeHbmeHHa  chabi  conpoTHBneHHa  npn  B3aHMoneHCTBHH  CBH  pa3pana  c 
TenoM.  06napy>Keno,  hto  b  stom  cnynae  CHJia  aoGoboto  conpoTHBneHHa  MoaceT  HMeTb  ABa  hjih 
TpH  MHHHMyMa.  HHCneHHoe  MOAenupoBaHHe  ocHOBaHo  Ha  ypaBHeHHax  DMnepa. 

IIpoBeAeHbi  3KcnepnMeHTanbHbie  HccneAOBaHna  noBeAeHHa  AaBneHHa  Ha  aoGoboh 
noBepxHOCTH  3aTynneHHbix  Ten,  KOTopbie  hmciot  BHyrpeHHioio  nonocTb,  b  ycnoBHax  CBH 
pa3pana.  DiccnepHMeHTbi  noATBepAHJin,  hto  BAyB  ra3a  b  yAapHbin  cjioh  chhxpohho  c  CBH 
pa3paAOM  ycHnHBaeT  BHxpeBoe  ABHHceHHe,  KOTopoe  bcaot  k  cymecTBeHHOMy  chhkchhk) 
conpoTHBneHHio  Tena  [2]. 
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The  microwave  discharge  is  an  interesting  object,  making  possible  a  substantial  change  of 
the  bodies'  aerodynamic  drag.  The  principal  mechanism,  leading  to  the  body’s  aerodynamic 
characteristics  change  is  gas  vortex  motion  caused  by  the  interaction  of  the  gas  area  excited  by 
the  discharge  and  the  shock  layer  on  the  body  [1]. 

New  results  on  behavior  of  front  drag  force  and  total  drag  force  during  an  interaction  of  a 
thin  limited  length  low-density  channel  -  cylinder  shock  layer  have  been  obtained.  Presence  of 
the  cavity  in  the  cylinder  body  amplifies  the  effects  of  drag  force  reduction  in  the  process  of  thin 
low  density  channel  -  shock  layer  interaction  and  the  presence  of  two  or  three  minimums  in  the 
front  drag  force  dependence  on  time  is  possible.  Numerical  modeling  is  based  on  the  Euler 
equations. 

Experimental  research  has  been  conducted  to  study  the  pressure  behavior  on  the  blunt 
body's  front  surface  in  the  circumstances  of  the  microwave  discharge,  using  a  model  with  a 
hollow  inside.  The  experiments  have  proved  that  the  injection  of  gas  into  the  shock  layer 
synchronized  with  the  microwave  discharge  boosts  the  vortex  flow,  which  leads  to  a  significant 
reduction  of  the  body's  drag  [2]. 
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22.  CBH  PA3PB^LI  B  BBICOKOCKOPOCTHOM  IIOTOKE:  OCHOBHBIE 

CBOHCTBA  H  IIPHMEHEHHE 

B.M.IUh6kob,  A.,H.A6paivfOBa,  A.96.A^eKcaHflpoB,  B.A.HepHHKOB,  A.Il.EpnioB, 
A.A.KapaneB,  P.C.KoHCTaHTHHOBCKHH,  JI.B.IllH6KOBa,  B.B.3jio6hh 

(pmmecKuii  (paKyjibmem  Mry  um.  M.B.JIoMonocoea,  Mockgci 

B  flOKJiafle  npe/icTaBJieHbi  pe3yjibTaTbi  nccjie/toBaHHH  HH3KOTeMnepaTypHOH  nna3Mbi 
CBH  pa3pa,aoB,  BbinojmeHHbie  b  TeueHne  nocneflHnx  jieT  Ha  4>h3hhcckom  (JiaKynbTeTe  MTY 
HM.  M.B.JIOMOHOCOBa. 

IJoKa3aHO,  hto  HMnyjibCHaa  moluhoctb,  HeoGxo^HMaa  .ryui  co3flaHHa  noBepxHOCTHoro 
CBH  pa3pw  b  niHpoKOM  flHana30He  flaBneHHH  B03,nyxa  10'34-103  Top,  He  npeBbimaei 
BejiHHHHbi  102kBt.  Pa3paa  npeacTaBJiaeT  co6oh  tohkhh  njia3MeHHbiH  cjioh,  paBHOMepHo 
noKpbiBaiomHH  BHemHioK)  noBepxHOCTb  aHTeHHbi.  CxopocTb  pacnpocTpaHeHHn  pa3p>ma  Moxtei 
aocTHraTb  BejiHHHHbi  100km/c,  hto  Ha  HecKOJibKo  nopmtKOB  BejiHHHHbi  npeBbimaeT  cxopocTb 
3Byxa  b  B03Ayxe.  Bojina  npo6oa  onpeflejmeT  cxopocTb  pacnpocTpaHeHHB  noBepxHOCTHoro 
pa3pima  b  nepBbie  MOMeHTbi  ero  boshukhobchhu  (t=l-3MKc).  AMSHnojinpHan  ,zm4)(})y3Hfl 
OTBexcTBeHHa  3a  MexaHH3M  pacnpocTpaneHHH  pa3pa,aa  b  ctbjihh  ero  pa3BHTHH  (t=3-l  00  mkc), 
Tor^a  Kax  MexaHH3M  MeflJieHHoro  ropeHHH  B03MO>KeH  TOJibKO  na  CTauHOHapHOH  CTannn 
cymecTBOBaHHH  pa3p*ma  (t>100MKc).  DjieiapHHecKoe  none  Ji0KajiH30BaH0  b  tohkom 
npHnoBepxHOCTHOM  cjioe  tojiihhhoh  ~1  mm.  Eonbrnoe  3HaneHHe  npHBe^eHHoro  ojieKTpHHecKoro 
nojia  E/n=l 00-500  Td  Be,qeT  k  3(j)(j)eKTHBHOMy  BKJia^y  OHeprun  b  njia3My,  to  ecTb  k  SbiCTpoMy 
HarpeBy  ra3a  h  3(})(|)eKTHBHOH  Hapa6oTKe  aKTHBHbix  h  3apa>KeHHbix  nacTHu.  TeMnepaTypa  ra3 
AocraraeT  1000-2000  K,  a  Ha  HanajibHOH  CTa^HH  (jiopMupoBaHHH  noBepxHOCTHoro  pa3ps,zta 
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HaSntojiaeTcs  fibicipbiH  HarpeB  B03^yxa  co  cxopocTbio  ~70  K/mkc. 

nPH  (J)opMHpOBaHHH  noflaBJWiomero  6ojibiHHHCTBa  bh^ob  ra30Boro  pa3pa^a 
Hcnojib3yioTca  ojho-  hjth  MHorosjiexTpojtHbie  cncTeMbi  no^BO^a  BHepruH,  hto  c  npaxTHHecxoft 
tohkh  3peHHa  MajionpHro^Ho  fljia  /mcTamjHOHHoro  co3aaHHa  iuia3Mbi  b  3aaaHHOH  oSaacTH 
npocTpaHCTBa.  H  jihuib  6e33JiexTpo,ztHbie  chctcmbi,  Hcnojib3yiomHe  aaa  no^Bo^a 
aaeKTpoMarHHTHOH  SHepran  ctjioxycHpoBaHHbie  nynxn,  HpeajibHO  noaxoaaT  aaa  stoh  ijejiH. 
CboSo^ho  aoKaJiH30BaHHBiH  CBT  pa3pan  b  bojihobbix  noaax  aBjiaerca  o^hoh  H3  Taxiix  CHCTeM. 
B  cjiynae  cbo6o,h;ho  JioxajiH30BaHHoro  pa3pa^a  3JiexTpHHecxoe  noae  a0KaaH30BaH0  b  o6aacTH 
KaycTHKH  c4>oKycHpoBaHHoro  CB1!  nynxa.  3ia  aoKaaimijHa  He  3aBHCHT  ox  xoro,  hto 
aaeKTpoMarHHTHaa  SHeprna  4>0KycHpyeTca  jih6o  b  HenoaBHJXHbiH,  jih6o  b  flBHacymHftca  ra3.  A 
Tax  xax  npo6oH  ra3a  b  ycaoBHax  cbo6o^ho  JioxajiH30BaHHoro  CBH  paapaaa  npoHCXOflHT  3a 
BpeMa  MeHtmee,  ueM  BpeMa  npoTexaHna  ra3a  aepe3  o6aacTb  3aHaTyio  pa3pa^0M,  to  paspa/i  He 
cayBaeTca  CBepx3ByxoBbiM  noToxoM  Boaayxa. 

3xcnepHMeHTaabH0  HccaeaoBaHO  BOcnaaMeHeHHe  CBepx3ByxoBoro  noToxa  nponaH- 
B03^yuiH0H  cMecH  c  noMombio  cbo6o^ho  aoxaaH30BaHHoro  CBH  pa3pa.ua,  noBepxHocTHoro 
CBH  pa3pa^a  h  xoMSnHHpoBaHHoro  CBH  pa3pa/ta.  rioxa3aHo,  hto  Bee  ranbi  CBH  paapapoB 
npHBO^aT  x  naaoxHOMy  BOcnaaMeHeHHio  yraeBoaopoaHoro  TonaHBa.  PeaaH30BaH0 
CTauHOHapHoe  ropeHHe  nponaH-B03ayniHoro  CBepx3ByxoBoro  noToxa  b  ycaoBHax 
xoM6HHHpoBaHHoro  CB1!  pa3pa.ua  h  pa3paaa  nocToaHHoro  Toxa. 

Jfna  HaxoacaeHna  CTeneHH  BJinaHHa  pa3aHHHbix  xaHaaoB  nepe^auH  SHeprHH  Ha 
BOcnaaMeHeHHe  ropionnx  cBepx3ByxoBbix  noToxoB  pa3pa6oxaHa  XHHeTnnecxaa  Moaeab 
ropeHHa  B03aymHO-yraeBoaopoaHbrx  CMecen,  ynHTbiBaiomaa  BjiHaime  aaexxpHnecxoro  noaa 
Ha  npopeccbi  flHccoitHauHH  Moaexya  h  co3aaHna  axTHBHbix  paanxaaoB,  B036y>xaeHHbix  h 
3apaaceHHbix  nacTHu  b  ycaoBHax  HepaBHOBecHOH  ra3opa3paaHOH  naa3Mbi.  BbiaBaeHO  cnabHoe 
BanaHne  BeaHHHHbi  npHBeaeHiioro  aaexTpnnecxoro  noaa  Ha  mmyxitHOHHbiH  nepnoa- 

Pa6oTa  rioaaepacana  Pocchhcxhm  (JiOHaoM  <J)yHaaMeHTaabHbix  HccaeaoBaHHH  (npoexT 
POOH  No  05-02-16532). 


22.  MICROWAVE  DISCHARGES  IN  HIGH-SPEED  FLOW:  FUNDAMENTALS  AND 

APPLICATION 

V.M.Shibkov,  A.D.Abramova,  A.F.Aleksandrov,  V.A.Chernikov,  A.P.Ershov, 
A.A..Karachev,  R.S.Konstantinovskij,  L.V.Shibkova,  V.V.Zlobin 

Physical  Faculty  of  the  Moscow  State  University 

The  results  of  researches  of  low-temperature  non-equilibrium  microwave  plasmas  which 
have  been  carried  out  at  Physical  Faculty  of  the  Moscow  State  University  within  last  several 
years  are  submitted  in  the  report. 

The  surface  microwave  discharge  is  shown  to  represent  a  thin  plasma  layer  that  uniformly 
covers  the  antenna  surface.  In  experiments,  the  peak  pulse  power  necessary  to  excite  the 
discharge  in  a  wide  range  of  air  pressures  from  10“  to  103  Torr  is  no  higher  than  lOOkW.  The 
discharge  propagation  velocity  may  be  as  high  as  1 00  km/s.  The  breakdown  wave  defines  the 
velocity  of  the  discharge  at  its  early  stages  (t  =  1-3  ps).  Ambipolar  diffusion  governs  the  discharge 
propagation  at  the  stage  of  its  evolution  (t  =  3-100  ps),  and,  finally,  slow  surface  combustion  is 
possible  only  at  the  stationary  stage  of  the  discharge  (t  >  100  ps).  The  electric  field  is  localized  in  a 
thin  (~1  mm)  surface  layer.  High  values  of  the  reduced  electric  field,  E/n  =  100-500  Td,  provide 
efficient  energy  deposition  to  the  plasma,  i.e.,  favor  the  rapid  heating  of  the  gas  and  the  efficient 
generation  of  charged  particles.  It  is  shown  that  the  gas  temperature  may  rise  to  1 000-2000  K, 
rapidly  increasing  (with  a  rate  of  ~70  K/ps)  at  the  early  stage  of  discharge  evolution. 

Most  of  gas  discharges  are  produced  with  the  use  of  single-  or  multielectrode  energy 
supply  systems.  From  the  practical  standpoint,  such  systems  are  poorly  suited  to  remotely 
control  plasma  production  in  a  certain  spatial  region.  Electrodeless  systems  in  which  freely 
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localized  discharges  are  produced  using  focused  microwave  beams  are  best  suited  for  this 
purpose.  In  a  freely  localized  discharge,  the  electric  field  is  localized  in  the  waist  region  of  a 
focused  microwave  beam.  Gas  breakdown  in  a  microwave  discharge  occurs  over  a  time  that  is 
shorter  than  the  time  during  which  the  gas  propagates  through  the  discharge;  therefore,  the 
discharge  is  not  blown  off  by  the  supersonic  flow. 

The  ignition  of  supersonic  flow  of  a  propane-air  mixture  with  use  of  freely  localized 
microwave  discharge,  surface  microwave  discharge,  and  combined  microwave-direct  current 
discharge  was  experimentally  investigated.  It  was  shown,  that  the  all  types  of  the  discharges 
result  in  a  reliable  ignition  of  hydrocarbon  fuel.  Combustion  of  a  propane-air  supersonic  stream 
is  realized  under  condition  of  the  combined  surface  microwave  and  direct  current  discharge. 

For  finding-out  of  influence  of  different  channels  of  energy  transfer  on  ignition  of 
combustible  mixtures  in  supersonic  flow  the  kinetic  model  of  ignition  of  hydrocarbons-air 
mixtures  at  taking  into  account  of  influence  of  electric  field  on  processes  of  dissociation 
molecules  and  creation  of  the  active  radicals,  excited  and  charged  particles  under  conditions  of 
non-equilibrium  plasma  of  the  gas  discharge  was  developed.  Mathematical  modelling  has 
revealed  strong  influence  of  the  reduced  electric  field  on  induction  time. 

The  work  was  supported  by  the  RFBR  (grant  #05-02-16532). 

23.  3JIEKTPOMArHHTHOE  YCTPOHCTBO  7JJW  B03#EHCTBHH  HA 
CTPYKTYPy  CBEPX3BYKOBOrO  OETEKAHHfl  TEJIA  BPAmEHHfl 

B.A.  CaxapoB,  H.n.  MeH/je,  C.B.  EoGaiiieB 

0u3UKO-mexHunecKUU  mcmumym  um.  A.€>.  Mocpcpe  PAH,  C.  -HemepOype 

D.  M.  Van  Wie 

Johns  Hopkins  University,  Laurel,  Maryland,  20723,  U.S.A. 

B  HacTOJimeH  pa6oTe  npejuioKeHO,  co3^ano  h  Hcnbixano  3JieKxpoMarHHXHoe 
ycxponcxBO,  Koxopoe  noMemaexcn  BHyrpn  MOjtejiH,  oOxeicaeMOH  CBepx3ByKOBbiM  noxoKOM. 
Moment  npencxaBjinex  co6oh  uhjihhup  28mm  b  nuaMexpe,  nepexoAfliuHH  b  KOHyc  c  pacxBopoM 
60°.  BHyxpn  UHJiHHjjpHHecKOH  nacxn  b6jih3H  noBepxHoexn  pa3MemaexcH  MarHHXHan  Kaxynixa, 
co^epxcamaa  20  bhxkob  Mejmoro  npoBO^a  nnaMexpoM  1mm.  Ouhh  KOHeii  KaxyniKH  cojieHouaa 
npncoeflHHeH  k  SJieKxpouy  b  BH/ie  MexaJUiHHecKoro  KOJir.ua,  pa3MeureeHoro  b  Mecxe 
coHJieHeHHH  uHBHHupa  h  Kouyca.  Bjtojib  och  xena  noMeiueH  ueHxpajibHbin  ojieKxpoa, 
npeacxaBJiaiouiHH  co6oM  Me/iHbiu  cxepxceHb  6mm  b  UHMexpe.  Ouhh  KOHeu  cxep>KHH 
3aKaHHHBaexca  KOHycoM  c  pacxBopoM  60°  h  o6pa3yex  nepenHioio  KOHHuecKyio  nacxb  MonejiH. 
Bxopon  KOHeu  cxepxcHH  u  Bxopoh  KOHeu  KaxymKH-coneHOHua  coenHHeHbi  c  BbixonaMH 
HcxouHHKa  HanpjDKeHHJi.  B  KanecxBe  HcxouHHKa  HMnyjibCHoro  HanpnjKeHHH  Hcnojib3yexcH 
jihhhh  c  pacnpeueiieHHbiMH  napaMexpaMH,  cocxonman  H3  14  LC  nneeK,  Koxopan  nepen 
3KcnepHMeHX0M  3apaxcaexca  no  HanpHxceHHH  b  nnana30He  300-700  V.  B  sjieKxpHnecKyio  uenb 
nuxaHHa  ycxpoHcxBa  brjiiohch  HMnyjibCHbiH  xpanc^opMaxop,  KoxopbiH  UHnuunpyex  pa3pnu 
Me>Kjiy  usyMH  3JieKxpouaMH:  kojibuom  h  nepenHen  kohhhcckoh  uacxbio  cxepxtHH.  Tok  pa3pn,na, 
npoxonn  no  KaxyuiKe,  reHepupyex  MarHHXHoe  none  cojieHOHna.  MarHHXHoe  none  npuBonnx 
pa3panHbin  uiHyp  bo  BpaiueHHe  BOKpyr  noBepxHocxH  KOHyca  non  nencxBHeM  cnjibi  JIopeHua  b 
a3HMyxanbHOM  HanpaBJieHHH.  B  Harnnx  onbixax  xnnnHHbie  xokh  pa3pnna  cocxaBJinjiH  ~  IkA,  a 
UJiHxenbHocxb  pa3pHna  1.0- 1.5  mc. 

Monejib  noMeujajiacb  b  CBepx3ByKOBOH  noxoK  a30xa  c  napaMexpaMH:  uaBjieHne  ~ 
50  M6ap,  nnoxHocxb  ra3a  ~  0.04  kHm  (nacx/cM  ),  xeMnepaxypa  ~  400  K,  cKopocxb  ~  1600  m/c, 
hhcjio  Maxa  4,  cxaunoHapHbie  napaMexpbi  noxoKa  coxpaHJuincb  b  xeueHHH  ~  1.5mc.  B  sxhx 
ycnoBHHx  c  noMombK)  cneunajibHon  bbicokockopocxhoh  (J)oxorpa<J)HH  H3Mepjuiacb  uacxoxa 
BpameHHn  pa3pnnHoro  uiHypa.  B  3aBncuMocxH  ox  HanpaBJieHHH  xoxa  pa3pnna  uacxoxa 
BpameHHH  MeHHJiacb  ox  15  no  30  kTu. 

KapxHHa  o6xeK3HHH  Monejin  CBepx3ByKOBbiM  noxoKOM  perncxpHpOBajiacb  uumpeH- 
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MeTOflOM.  YcTaHOBJieHo,  hto  ygapHo-BOJiHOBaa  CTpyiaypa  noTOKa  npn  reHepaimH  paspsaa 
cymecTBeHHO  Menaeica  no  cpaBHeHHio  c  KapTHHon  oSTeKanna  6e  3 
MaHHTornapoanHaMHHecKoro  (MI7J)  B03,qeHCTBHfl.  KoHCTpyKiina  npeflJiaraeMoro  ycTpoftcTBa 
coeanHaeT  b  ce6e  Bee  HeofixoflHMbie  jxjw  opraHH3annn  3<])<j)eKTHBHoro  MT,Z(  B3aHMO^eHCTBHa 
3JieMeHT£>I  (MarHHTHMH  HH^yKTOp  H  CHCTeMy  3JieKTpO£OB),  aejiaa  B03M05KHMM 
3KcnepnMeHTajiBHoe  MoaejinpoBaHne  MT,Zf  npopeccoB  npn  BHenmeM  o6TeKaHHH.  .Hchmh 
(J)H3H4eCKHH  npHHpnn  H  npOCTOTa  KOHCTpyKIJHH  n03B0JI3K)T  He3aBHCHMO  H3MeHaTB  BeJIHHHHbl 
TOKa  n  MarHHTHoro  noun,  a  TaiOKe  Moan^nnupoBaTb  paccMOTpeHHyio  cxeMy  ycxponcTBa  b 
nnaHe  H3MeHemM  pa3MepoB  Mo^ejin  n  ncnoJii>30BaHHH  pasjiHHHbix  3JieKTpo,HHbix  chctcm  b 
cooTBeTCTBne  c  3aflanaMH  nccjie^oBaHHH. 

Pa6oTa  BbinojiHeHa  npn  no,mjep>KKe  EOARD  (npoertT  MHTlf  N2  2009)  h  OporpaMMbi 
npe3H^HyMa  PAH  N2  20  (2002-2005  rr.)- 


23.  AN  ELECTROMAGNETIC  FACILITY  FOR  PRODUCING  AN  IMPACT  ON  A 
SUPERSONIC  FLOW  ABOUT  A  BODY  OF  REVOLUTION 

V.A  Sakharov,  N.P.  Mende,  S.V.  Bobashev 

A.F.  Ioffe  Physico-Technical  Institute  of  Russian  Academy  of  Sciences,  Saint-Petersburg 

D.  M.  Van  Wie 

Johns  Hopkins  University,  Laurel,  Maryland,  20723,  U.S.A. 

The  aim  of  the  present  work  consists  in  designing,  manufacturing,  and  testing  an 
electromagnetic  facility  that  can  be  housed  inside  a  body  abounding  in  a  supersonic  flow. 

The  model  is  a  60°  sharp  cone  mated  with  a  cylinder.  The  cylinder  diameter  is  28  mm. 
Inside  the  cylindrical  part,  near  its  surface  there  is  a  magnetic  coil  consisting  of  20  turns  of 
copper  wire  of  1  mm  in  diameter.  Near  the  plane  of  mating  the  cone  and  cylinder  there  is  a  metal 
ring  serving  as  an  electrode  connected  with  one  end  of  the  coil.  Along  the  body  axis  the  central 
electrode  is  located  (brass  bar  of  6  mm  in  diameter  with  the  conical  nose  part).  The  central 
electrode  and  the  second  coil  end  are  connected  with  an  external  voltage  source.  The  voltage 
source  is  a  circuit  consisting  of  LC  cells  charged  up  to  needed  voltage.  In  the  circuit  a  pulsed 
transformer  is  connected  in  series.  With  the  help  of  transformer  an  electric  discharge  is  initiated 
between  the  central  and  ring  electrodes.  The  discharge  current  flowing  through  the  coil 
establishes  the  magnetic  field.  The  magnetic  field  causes  rotation  of  the  linear  electric  discharge 
around  the  cone  surface  in  the  azimuthal  direction.  The  heating  of  the  gas  by  the  electric  current 
should  cause  variation  of  the  flow  parameters  and  flow  structure  as  a  whole. 

The  proposed  device  was  tested  in  a  supersonic  nitrogen  flow.  The  flow  parameters  in  the 
mainstream  in  front  of  the  model  were:  pressure  50  mbar,  density  0.04  kg/m3,  temperature  440 
K,  velocity  1600  m/s,  and  Mach  number  4.  The  constancy  of  the  parameters  is  retained  during 
~1.5  ms.  The  pulse  of  the  electric  current  through  the  electromagnetic  device  possessed 
approximately  the  same  duration  and  attained  ~  1  kA  in  amplitude.  Two  Schlieren  patterns  of  the 
flow  about  the  body  of  revolution  -  with  no  electrical  discharge  and  with  the  presence  of  it 
demonstrated  strong  influence  of  the  rotating  electric  discharge  on  the  supersonic  flow  structure. 

The  frequency  of  rotation  of  the  discharge  was  detected  with  the  help  of  a  high-speed 
photo  recorder.  This  frequency  depends  on  the  direction  of  the  electric  current  and  in  our 
experiments  varied  from  15  to  30  kHz. 

The  device  described,  in  our  opinion,  paves  the  way  to  a  new  and  interesting  approach  to 
magnetohydrodynamic  (MHD)  control  of  supersonic  flows.  The  design  of  the  device  combines 
all  components  necessary  for  implementation  of  an  effective  MHB  interaction  -  magnetic  system 
and  set  of  electrodes,  and  makes  it  possible  to  model  MHD  processes  in  external  flows.  Clear 
physical  principle  and  simplicity  of  the  design  allow  one  to  vary  independently  the  current 
strength  and  magnetic  induction,  as  well  as  to  simply  modify  the  device  varying  its  dimensions 
and  employing  various  systems  of  electrodes  in  accordance  with  the  problem  under  study. 
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The  work  was  supported  by  EOARD  (ISTC  project  no.  2009)  and  Program  no.  20  of  the 
Presidium  of  RAS  (2002-2005). 


24.  KHHETHHECKOE  MO^EJIHPOBAHHE  B3AHMO^EHCTBIiH  CBH  nOJIB 
C  PACnA^AIOmEHCH  JIA3EPHOH  IIJ1A3MOH  B  B03^YXE 

K).  <I>.  KojiecHHHeHKO,  ,fl(.  B.  XMapa 
HHcmumym  BbicoKux  TeMnepamyp  PAH,  MocKea 

IIpoBeaeHo  HHcneHHoe  MoaeanpoBaHne  pacna#a  jia3epHon  njia3Mbi,  npoaHanH3HpoBaHbi 
pejKHMbi  B3anMortencTBHJi  CBH  nojw  c  pacna^arontencfl  mia3M0H  na3epHon  HCKpbi.  Ifenbio 
KHHemnecKoro  MOjtennpoBaHHH  aBJUtnacb  oueHKa  ycjioBHH  HHHitHaitHH  CBH  pa3pana  Taxon 
iurasMOH.  OnpeaejMjracb  BpeMeHHbie  HHTepBajibi,  b  TeneHne  KOTopbix  ocraTOHnaa 
KOHUeHTpanHH  3JieKTpOHOB  H  nJIOTHOCTb  ra30BOH  CpeAbI  ttOCTaTOHHbl  npOHHKHOBeHHH 
BHemHero  CBH  nojM.  llpoGjieMa  pa3^e;ieHa  Ha  pge  nocjteaoBaTejibHbix  3a^anH: 
MO^enupoBaHHe  pacna^a  Jia3epHofi  njia3Mbi  h  MO/tennpoBaHHe  CBH  B3aHMonencTBHH  c  Taxon 

njia3Moh. 

pemeHna  nepBon  3aaann  npHHAT  no^xon,  xoma  3a  HanajibHbie  ycjioBHH  npHHHMaeTca 
cocTOflHne  na3epHon  nna3Mbi,  xoTopoe  sxcnepHMeHTajibHO  onpe^eneHO  xax 
TepMo/tHHaMHHecKH  paBHOBecHoe,  xo,g  TeMnepaTypw  ot  BpeMeHH  GepeTca  H3  axcnepHMemra  [1], 
a  .aajiee  KHHeTHHecxH  paccunTbiBaeica  ajiexTpoHHati  xoHneHTpaitHJt/npoBOflHMOCTb  b 
pacna/iaromencH  oGjiacm  rioxa3aHO,  hto  peKOMSnHannoHHbin  xapaxTep  pacna^aiomencji 
njia3Mbi  npnBojiHT  k  otkjiohchhk)  KOHneHTpaunn  3apflXfeHHbIX  HaCTHU  ot  hx 
TepMOAHHaMHHecKHx  3HaHeHHH  b  CBepxpaBHOBecHyio  CTopoHy.  3to  oTJinqne  cTaHOBHTca  Bee 
Gojiee  3aMCTHbiM  b  nponecce  ocTbrnaHna  ra30-mia3MeHHOH  o6jiacTH.  flpn  hh3khx  TeivrnepaTypax 
ra3a  (nopanxa  3000K  n  Hnxce)  pexoMGHHauna  Be/teT  k  GbiCTpon  /teHOHH3annH  nna3Mbi.  npn 
3tom  BHeumee  CBH  aJiexTpHHecxoe  none  HannHaeT  npoHHxaTb  b  nna3My. 

Tpn  pexcHMa  B3anMo^encTBHH  CBH  nynxa  c  pacnaflatomenca  jia3epHon  nJia3Mon  MoryT 
6biTb  Bbmejrenbi  npn  axMocffiepnoM  /laBJieHnn.  IlepBbiH  npe^craBJiaeT  co6on  HHnunannio  CBH 
pa3pana  Ha  chjibho  npoBon^inen  jia3epHon  nna3Me  h  no  BpeMeHH  orpaHnneH  nepBbiMH  80 
MHKpoceKyH^aMH.  BTopon  pexcHM  npe^CTaBJixeT  coGon  KHnunaunio  CBH  paspaaa 
nocpe^CTBOM  npo6oa  pa3pe>xeHHOH  n  yMepeHHo-npoBo^uten  o6jtacTn  ncxphi,  xorna  CBH  none 
HannHaeT  npoHHxaTb  b  Hee.  H  nocne^Hnn  pe>KHM  ABjiaeTca  HarpeBOM  njia3Mbi  (hjih 
anccHnaHHen  snepran)  b  non;noporoBOM  HeB03MymeHHOM  none,  npnBOflnmnM  k  reHepannn 
yaapHon  BonHbi.  3tot  pexcHM  npocTnpaeTca  bo  BpeMeHH  no  HecKonbKHX  coTeH  MHxpocexyma. 
ripe^cTaBneHbi  3aBHCHMocTH  BbweneHHbix  poxhmob  ot  hcxoahoto  naBJieHHfl  ra3a, 
HHTeHCHBHocTH  CBH  BonHbi  h  /uiHTenbHOCTH  MHKpoBonHOBoro  HMnynbca. 

JlHTepaTypa: 

1.  Glumac  N.,  Elliott  G.,  and  Boguszko  M.  Temporal  and  Spatial  Evolution  of  the  Thermal 
Structure  of  a  Laser  Spark  in  Air.  43rd  AIAA  Aerospace  Meeting  and  Exhibit,  AIAA  Paper 
2005-204. 


24.  KINETIC  MODELING  OF  MW  FIELD  INTERACTION  WITH  DECAYING  LASER 

SPARK  IN  AIR 

Yu.  Kolesnichenko,  D.Khmara 

Institute  of  High  Temperatures  RAS,  Moscow 


Numerical  investigation  of  laser  plasma  decay  is  carried  out  and  regimes  of  MW  filed 
interaction  with  decaying  laser  plasma  are  analyzed.  The  aim  of  kinetic  modeling  is  in  evaluation 
of  conditions  for  MW  discharge  origination  during  MW  interaction  with  decaying  laser  spark. 
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The  conditions  are  in  determination  of  the  time  range  when  residual  electron  concentration  and 
medium  density  make  the  plasma  domain  transparent  one  for  an  external  MW  irradiation.  The 
problem  is  divided  into  two  successive  tasks:  the  modeling  of  laser  spark  decay  and  modeling  of 
MW  interaction  with  decaying  laser  spark. 

The  idea  is,  starting  from  the  plasma  condition,  which  is  experimentally  detected  as  local 
thermal  equilibrium  and  taking  as  a  guiding  parameter  experimentally  measured  gas  temperature 
evolution  [1],  calculate  evolution  of  electron  concentration/conductivity  in  decaying  domain.  It  is 
shown  that  recombining  character  of  decaying  plasma  results  in  deviation  of  charged  particles 
concentration  from  their  thermodynamic  values  to  over-equilibrium  ones.  The  difference 
becomes  more  and  more  significant  while  gas  temperature  goes  down.  At  low  gas  temperatures 
(about  3000K  and  less)  the  recombination  leads  to  rapid  de-iOnization  of  plasma  domain.  At  the 
same  time  the  incident  electric  field  is  able  to  penetrate  inside  this  domain. 

Three  regimes  of  MW  beam  interaction  with  decaying  laser  plasma  can  be  distinguished 
for  atmospheric  air  pressure.  The  first  is  MW  discharge  initiation  on  highly  conductive  laser 
plasma  and  is  limited  by  the  first  80ps.  The  second  regime  is  initiation  of  MW  discharge  via 
breakdown  in  rarefied  and  moderate-conductive  spark  domain  when  electric  field  begins  to 
penetrate  in  it.  And  the  last  is  spark  plasma  heating  (or  energy  deposition)  in  sub-breakdown 
undisturbed  field,  resulting  in  shock  waves  generation.  This  regime  ranges  in  time  up  to  several 
hundreds  of  microseconds.  The  results  of  investigation  of  regimes  dependence  on  gas  pressure, 
MW  field  intensity  and  MW  pulse  duration  are  presented. 

References: 

1.  Glumac  N.,  Elliott  G.,  and  Boguszko  M.  Temporal  and  Spatial  Evolution  of  the  Thermal 
Structure  of  a  Laser  Spark  in  Air.  43rd  AIAA  Aerospace  Meeting  and  Exhibit,  AIAA  Paper 
2005-204. 


25.  ACHMIITOTHHECKHE  MOflEJIH  YIIPABJIEHIDI TEHEHHEM  B 

norPAHHHHOM  CJIOE 

H.H.  JInnaTOB 

L\enmpaRbHbiu  AspoeudpoduHcmmecKUU  Hncmumyrn  (HATH),  Mock.  o6ji. 

MccjieaoBanbi  jioKajibHbie  TeneHHa  b  JiaMHHapHBix  norpaiiHHHbix  caoax  b  npncyTCTBHH 
HarpeBaTejibHbix  oneMeHTOB,  pacnoaoaceHHbix  Ha  noBepxHOCTH.  Ha  ocHOBe  acHMnTOTHHecicoro 
aHajiH3a  c<j)opMyjiHpoBaHbi  MaTeMaTHuecKHe  3aaauH  h  HaimeHbi  napaMeTpbi  nonofina. 
Oripeaenenbi  napaMeTpbi,  ofiecneuHBaiomHe  ynpaBJieHHe  TeneHiieM  (otpbib,  ycTOHHHBOCTb). 
npeacTaBjieHbi  pe3yjibTaTbi  HncaeHHoro  h  aHajiHTHuecKoro  aHanH3a. 

Cpean  pa3JiHHHbix  MexoaoB  ynpaBaeHna  TeneHHeM  b  norpaHHHHbix  caoax  oahhm  H3 
HanOojiee  mynaeMbix  b  HacToamee  BpeMa  aBaaeTca  MeTOfl,  CBa3aHHbin  c  BbweaeHneM  3Heprnn 
BCJieacxBHe  aaeKipnuecKoro  pa3pana  nan  HarpeBamia  noBepxHOCTH . 

Lfeiib  HacToameH  pafioTbi  3aKjiiOHaeTca  b  aHajiH3e  B03Moa<Horo  BJinaHiia  aoKaabHoro 
HarpeBaHHa  noBepxHOCTH  naa  onpeaeneHHa  BJinaHna  Ha  TeneHHe  b  norpanHHHOM  caoe  h  b 
HaxoacneHHH  onTHMaabHbix  napaMeTpoB  HarpeBaTejibHbix  oaeMeHTOB. 

npe^nojiaraeTca,  hto  Ha  noBepxHOCTH  oOTCKaeMoro  Tejia  pacnoaoaceHbi  yuacTKH,  c 
TeMnepaTypoii,  othhhhoh  ot  TeMnepaTypbi  ra3a  b  HeB03MymeHH0M  norpaHHUiiOM  caoe. 
IIpeanoaaraeTca  TaioKe,  hto  H3MeHeHne  TeMnepaTypbi  MeHaeTca  co  BpeMeHeM.  npaKTHHecKH 
peaan30BaTb  TaKon  mctob;  ynpaBaeHHa  flocTaTOHHO  aerxo,  ncnoab3ya  noaocKH 
aaeKTponpoBOflamero  MaTepnaaa.  npHMep  npnMeHeHna  Taxoro  MeToaa  ynpaBaemia  onncaH, 
HanpnMep,  b  pa6oTe.  [1] 

HanOoaee  BaacHbiM  (jbaKTopoM,  CBa3aHHbiM  c  3HeproBbiaeaeHneM  npn  HarpeBe 
noBepxHOCTH  aBaaeTca  H3MeHeHne  naoTHOCTH  b  ofiaacra,  Ha  KOTOpyio  BanaeT  HarpeBaHHe. 
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Crpyicrypa  TeneHHH  b  stoh  o6nacTn  onpeAejweTca  npopeccaMH  kohbckljhh  h 
TennonpoBoaHocTH.  H3MeHeHHe  iijiothocth  (yMeHbiueHHe  npn  HarpeBe)  6yaeT  npHBOflHTb  k 
H3MeHeHHio  TOJimHHbi  norpaHHHHoro  cjioh.  CHTyapHH  b  3tom  ciiynae  cxoxca  c  oGTexaHHeM 
jiOKanbHbix  HepoBHOCTefi,  pacnojiO)KeHHbix  Ha  ^He  norpaHHHHoro  cjioh,  b  cnynae  HarpeBa 
3<|)4)eKTHBHafl  HepOBHOCTb  (JlOpMHpyeTCfl  H3-3a  H3MeHeHHB  nJIOTHOCTH.  Otjihhhc  coctoht  b  tom, 
hto  <J)opMa  HepoBHOCTH,  4>opMHpyiomeHC5i  npn  HarpeBe  3apaHee  HeH3BecTHa.  PaHee 
npoBe^eHHbiH  aHajirn  jioKaiibHbix  TeneHHH  okojio  HepoBHOCTeH  no3BOJiHJi  c^opMynnpoBaTb 
MaTeMaTHHecKne  3a/taHH  h  Haftra  napaMeTpbi,  BJinaiomHe  Ha  TeneHHe  b  norpaHHHHOM  cnoe.  [2] 

ripe^nojiaraeTCH,  hto  hhcjio  PenHOJib/ica  bcjihko,  ho  He  npeBocxo^HT  KpHTHHecKon 
BejiHHHHbi,  npH  kotopoh  mokct  npoHcxo^HTb  jiaMHHapHO-Typ6yjieHTHbiH  nepexoji. 

B  paGoTe  npoaHajiH3HpoBaHbi  pa3JiHHHbie  napaMeTpbi  o6jiacTen  JioKajibHoro  HarpeBa. 
rioKa3aHO,  hto  MaTeMaTHHecKan  3aflana  cymecTBeHHO  3aBHCHT  ot  npoflOJibHbix  h  nonepeHHbix 
MacuiTaGoB  oGnacTH  HarpeBa,  a  TaioKe  ot  xapaKTepHoro  MacuiTaGa  BpeMeHH  (zijih 
HecTannoHapHbix  pexcnMOB  HarpeBa).  B  pe3yjibTaTe  aHann3a  noxasaHa  B03M0>KH0CTb 
ycTpaHeHHH  OTpbiBa  norpaHHHHoro  cjioh  3a  cneT  JioKajibHoro  HarpeBa.  Taioxe  noxa3aHbi 
bo3MO)khocth  ynpaBJieHHH  pa3BHTHeM  bojih  HeycTOHHHBOCTH  b  norpaHHHHbix  CJIOHX. 

JJjiji  HexoTopbix  3a^an  nojiyneHbi  pe3ynbTaTbi  HHCJieHHoro  pemeiiHH.  3th  pe3ynbTaTbi 
COOTBeTCTByiOT  HeJIHHeHHbIM  peXCHMaM,  npH  KOTOpbIX  H3MeHeHH5i  TeMnepaTypbl  HBJIfllOTCH 
KOHeHHbiMH.  OTHOCHTeJibHO  Majibix  H3MeHeHHH  TeMnepaTypbl  nonyneHbi  aHanHTHHecKHe 
pemeHHH. 

Ilpe^cTaBjieHHbie  pe3yjibTarbi  npe^cTaBJunoT  HHTepec  npn  aHajiH3e  h  /ipyrnx  mctoaob 
ynpaBJieHna  TenenHeM.  HanpHMep,  3HeproBbmeneHHe  3a  cneT  3JieKTpHHecKoro  pa3paaa  Taioxe 
MOxceT  6biTb  onncaHO  c  Hcnonb30BaHHeM  Mo^enen,  c^opMyjmpoBaHHbix  nna  noBepxHocTHoro 
HarpeBa. 

B  paGoTe  o6ey>K/iaiOTCH  nepcneKTHBbi  ^ajibHenuinx  HccnenoBaHHH,  CBJnaHHbie  c 
npoBe^eHHeM  SKcnepHMeHTOB  h  npaKTHnecKHMH  npHJio^ceHHHMH  HarpeBa  B03,neHCTBHH  Ha 
OTpbIB  (CTaUHOHapHblH  HJIH  HeCTaUHOHapHblH)  H  Ha  pa3JIHHHbie  BHZIbl  HeycTOHHHBOCTH. 

JlHTepaTypa: 

1.  N.  Yurchenko,  G.Voropaev,  R.  Pavlovsky,  P.Vinogradsky,  A.  Zhdanov,  Flow  control 
using  variable  temperature  boundary  conditions,  2003,  Proc.  European  Fluid  Mecahics 
Conference  EFMC-2003,  Toulouse  24-28  August,  France. 

2.  B.il.  FleHJiaH^,  B.B.  EoronenoB,  T.H.  flyflHH,  Yl.VL.  JlnnaTOB.  AcHMnTOTHHecKHe  3apmu 
CBepx3ByKOBbix  TeneHHH  bh3koto  ra3a  2004.  OH3MaTJiHT.  2004. 


25.  ASYMPTOTICAL  MODELS  OF  BOUNDARY  LAYER  FLOW  CONTROL 

I.I.  Lipatov 

Central  Aerohydrodinamic  Institute  (TsAGI),  Moscow  reg. 

Investigated  are  local  flows  in  the  laminar  boundary  layers  in  the  vicinity  of  heating 
elements.  On  the  basis  of  asymptotical  analysis  mathematical  models  are  formulated  and 
similarity  parameters  are  found.  Determined  are  flow  parameters  providing  flow  control 
(separation,  transition).  Presented  are  results  of  numerical  and  analytical  analysis. 

Among  different  methods  of  boundary  layer  flow  control  one  of  the  mostly  investigated 
now  is  a  method  associated  with  energy  release  due  electrical  discharge,  surface  heating  or 
cooling. 

The  aim  of  this  paper  is  the  analysis  of  possible  application  of  the  local  surface  heating  to 
determine  response  of  the  boundary  layer  flow  and  to  find  optimal  heating  elements  parameters. 

It  is  supposed  that  on  the  surface  of  the  body  are  located  heated  parts,  having  temperatures 
different  from  the  gas  temperature  in  ambient  boundary  layer  flow.  It  is  supposed  that 
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temperature  difference  may  change  with  time.  Practically  this  method  is  easy  to  fulfill  using 

electrically  conducting  strips.  Example  of  such  method  application  is  described  for  example  in  ^ . 

The  most  important  factor  due  to  energy  release  (surface  heating)  is  density  change  in  the 
region  influenced  by  the  heating.  This  region  structure  is  controlled  by  the  convection  and 
thermal  conductivity  processes.  At  the  same  time  density  change  (diminishing  due  to 
temperature  rise)  will  change  boundary  layer  thickness.  Situation  is  similar  to  the  local  flow 
nearby  local  surface  distortion,  but  in  our  case  effective  surface  distortion  is  created  due  to 
temperature  (density)  change.  The  difference  is  that  the  distortion  shape  is  not  known  beforehand 
but  is  formed  due  to  energy  release  in  the  boundary  layer  and  due  to  the  region  with  smaller 
density  formation.  Previous  analysis  of  the  disturbed  flow  nearby  local  surface  distortions 
allowed  to  develop  corresponding  mathematical  problems  and  to  find  distortions  parameters 

2 

influencing  boundary  layer  flow  . 

It  is  supposed  that  the  Reynolds  is  large  but  lesser  than  the  critical  value  at  which  laminar- 
turbulent  transition  can  take  place. 

Different  parameters  of  heated  strips  were  analyzed.  It  is  shown  that  mathematical  problem 
describing  disturbed  flow  strongly  depends  on  the  heated  parts  longitudinal  and  transversal 
scales  along  with  characteristic  time  parameter  (if  heating  depends  on  time).  As  a  result  of 
analysis  possibility  of  boundary  layer  suppression  due  to  surface  heating  control  are 
demonstrated.  Also  shown  opportunities  to  control  instability  parameters  like  Tollmien- 
Sclichting  waves  amplitudes  etc. 

For  some  formulated  mathematical  problems  numerical  results  are  obtained.  These  results 
correspond  to  the  nonlinear  regimes  when  temperature  difference  is  finite.  For  relatively  small 
temperature  difference  linear  problems  are  formulated.  Presented  are  analytical  solutions  for 
linear  problems. 

Results  obtained  will  be  useful  as  well  to  another  methods  of  control  analysis.  For 
example,  energy  release  in  the  boundary  layer  due  to  electrical  discharge  partially  may  be 
described  on  the  basis  of  models  appropriate  for  surface  heating. 

Discussed  are  prospects  of  fiiture  work  primarily  associated  with  experimental  verification 
of  theoretical  results  and  practical  applications  to  influence  boundary  layer  separation  (steady  or 
unsteady)  and  different  forms  of  instability. 
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26.  CBOHCTBA  MHKPOBOJIHOBOTO  CTPHMEPHOrO  PA3PB£A  B  B03^YXE 
nPH  PA3JIHHHOH  EDO  BJIA2KHOCTH  H  B  IIPHCY T CTBHH  BO/fHIlOI  O 

A3P030JIB 

H.H.  EcaKOB,  JI.II.  TpaneB,  K.B.  Xo/jaTaeB 

&ryn  «Mocko6Ckuu  paduomexHunecKuit  mcmumym  PAH» 

B.JT.EbIHKOB 

Mockobckuu  eocydapcmeeimbiu  ymwepcumem 

B  HacToxmee  BpeMH  mhkpobojihobbih  CTpnMepm>m  pa3px^  b  ra3ax  AOCTaTOHHo  xopomo 
HccjieflOBaH.  Pa#  cbohctb,  xapatcrepHtix  j\m  othx  pa3paflOB,  tbkhx  xax  BbicoKax 
3(f)(])eKTtiBHOCTi>  nonromemw  DM  SHeprHH,  BbicoKaa  TeMnepatypa  b  njia3MeHHbix  KaHanax, 
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CBepx3ByKOBaH  cKopocTb  pacnpocTpaHeHHa  $poHTa  pa3pjma  h  t./i.,  j/ejiaeT  sth  pa3pjmbi 
npHBaeKaienbHbiMH  ajih  npHMeHeHHH  b  pejioM  paae  o6jiacTefi  HayKH  h  TexHonoran,  b  tom 
HHCne  b  mia3MeHHOH  aapo/iHHaMHKe  h  ajih  co3/iaHHfl  chctcm  3a)KHraHH5i  h  cTaSHJiroaiiHH 
ropeHHH  ropiOHHX  CMecefi.  B  cbjhh  c  3thm  ocoSeHHo  aKTyajibHbiMH  cTaHOBirrcji  HCCJie/ioBaHHfl 
KOJIHHeCTBeHHbrX  XapaKTepHCTHK  MHKpOBOJIHOBbIX  pa3pHflOB  npH  pa3HHHHbIX  napaMeipax 
sjieKTpoMarHHTHoro  H3JiyHeHH5i  h  raa,  Ba)KHbix  ajm  hx  nparrHHecKHX  npnjio/KeHHH. 

H3  onbrra  3KcnepHMeHTajibHbix  HCcnejtoBaHHH  H3Becrao,  hto  xapaKTepHCTHKH 
MHKpoBOjiHOBoro  pa3pji/ia  3aBHCHT  ot  cbohctb  oKpy/Kaiomero  ra3a.  HanpHMep,  npo6oHHoe 
noire  moxcct  cymecTBeHHO  OTJiiiHaTbCH  npH  pa3JiHHHOH  ero  BJia>KHOCTH  H3-3a  noaBJieHHH 
AonojiHHTenbHbix  npoueccoB  Hcne3HOBeHHH  ajierrpoHOB  BCJie/icTBHe  npoueccoB  npHjiHnaHHa  h 
peKOMOHHauHH  Ha  Monexynax  h  HOHax  boam.  SKcnepHMeHTaJibHbie  AaHHbie  H3MepeHHH  sthx 
BeJIHHHH  JXJlft  MHKpOBOJlHOBOTO  pa3pH^a  B  HaCTOJHIiee  BpeMH  OTCyTCTByiOT.  B  TOJKe  BpeMH  B 
peaJIbHbIX  yCJIOBHHX  B03AyX  HMeeT  pa3AHHHyiO  BJia)KHOCTb  B  3aBHCHMOCTH  OT  BbICOTbl  Ha/i 
3eMjieH,  noro/iHbix  ycjiOBHH  h  mo>kct  coAep>KaTb  a3p030Ab.  flosTOMy  Heo6xoAHMO  3HaTb, 
KaKOBa  33BHCHMOCTb  npo60HHOTO  IIOJIH  OT  BJia>KHOCTH,  TaK  KaK  3TO  HenocpeACTBeHHo 

onpeAeAaeT,  b  hbcthocth,  MomHOCTb  reHepaTopa  mhkpoboahoboto  H3JiyHeHHJi,  HcnoAb3yeMoro 
AJIH  C03AaHHH  pa3p«Aa. 

HacTOfluiHH  AOK/ia/i  nocBauieH  pe3ynbTaTaM  sKcnepHMeHTajibHbix  nccjieAOBaHHH 
MHKpOBOJIHOBbIX  CTpHMepHbIX  pa3pHAOB  npH  pa3JIHHHOH  BJia>KHOCTH  H  B  IipHCyTCTBHH  BO/JHOrO 
a3p030JIfl,  KaK  B  HenOABHJKHOM  B03AyXe,  TaK  H  B  ero  CKOpOCTHOM  nOTOKe.  3KCnepHMeHTbI 
npoBeAeHbi  unn  pa3pHAOB,  co3AaBaeMbix  3M  H3AyqeHHeM  c  pa3AHHH0H  aahhoh  bojihbi  b 
IHHpOKOM  AHana30He  AaBAeHHH  B03Ayxa  H  ypOBHH  nOAfl,  KaK  B  HMnyjIbCHOM,  TaK  H  B 
KBa3HHenpepbiBHOM  pejKHMe  ropeHHH  pa3paAa. 


26.  FEATURES  OF  MICROWAVE  STREAMER  DISCHARGE  IN  AIR  AT  ITS 
DIFFERENT  HUMIDITY  AND  AT  PRESENCE  OF  WATER  AEROSOL 

I.L.Esakov,  L.P.Grachev,  K.V.Khodataev 

■  FSUE  ((Moscow  radiotechnical  institute  RAS» 

V.L.Bychkov 

M.  V.  Lomonosov  Moscow  state  university 

Nowadays  microwave  (MW)  streamer  discharge  in  gases  is  studied  enough  well.  Such 
typical  properties  of  these  discharges  as  high  efficiency  of  electromagnetic  (EM)  energy 
absorption,  high  temperature  in  plasma  channels,  supersonic  velocity  of  discharge  front 
propagation,  etc.,  make  them  attractive  for  applications  in  a  number  of  scientific  and  technology 
areas  including  plasma  aerodynamics,  creation  of  flammable  mixture  ignition  and  combustion 
stabilization  systems.  So,  investigations  of  quantitative  MW  discharge  characteristics  at  different 
parameters  of  EM  radiation  and  a  gas  are  of  great  interest. 

Our  experimental  experience  has  shown  that  MW  discharge  characteristics  depend  on 
properties  of  ambient  gas.  For  example,  the  breakdown  field  can  be  substantially  different  at 
various  air  humidity  because  of  increase  of  recombination  and  attachment  processes  caused  by 
presence  of  water  ions  and  molecules.  Experimental  data  of  these  characteristics  for  MW 
discharges  are  absent  now.  At  the  same  time  air  in  real  conditions  is  characterized  by  different 
humidity  with  respect  to  the  altitude,  weather  and  can  contain  a  water  aerosol. 

Also  it  is  very  important  to  know  breakdown  field  as  a  function  of  humidity  since  this 
characteristic  directly  determines  MW  radiation  generator  power  which  is  necessary  for  this 
discharge  creation. 

The  present  report  is  devoted  to  results  of  MW  streamer  discharge  experimental 
investigations  in  air  at  its  different  humidity  and  at  presence  of  water  aerosol  both  in  motionless 
air  and  in  high-speed  flow.  Experiments  were  carried  out  with  discharges  created  by  EM 
radiation  at  different  wavelengths  in  wide  range  of  air  pressure  and  levels  of  MW  field  both  in 
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pulsed  and  quasi -continuous  discharge  regimes. 


27.  PACnPOCTPAHEHHE  y/JAPHMX  BOJIH  B  CPE£E  C  P3JIEEBCKHM 
MEXAHH3MOM  3HEPrOBbmEJIEHHB 

H.A.  TepacHMOB  B.C.  CyxoMJiHHOB,  C.B.CyxoMJiHHOB 

Haymio-iicaiedoeamenbCKUu  uHcmumym  tpmuKu  CIJEry,  CanKm-IJemepSypa,  Cm.IJemepeo(p 

B.B.  KyHHHCKHH 

HayHHO-ucaiedoeamenbCKoe  npednpmmue  zunep3eyKoebix  cucmeM,  CaHKT-rieTep6ypr, 

B  padoTe  b  odmeM  ciiynae  b  o^HOMepHOM  npHdjiHaceHHH  paccMOTpeHO  bjihhhhc 
H3BecTHoro  PeneeBCKoro  MexaHH3Ma  3HeproBbmejieHHa  b  ynpyron  cpefle  [1,2],  Hrpaiomero 
Ba>KHyK)  pons,  b  nacTHocTH,  b  njia3Me  ra30Boro  pa3pa£a,  Ha  CTpyKTypy  derymen  ynapnon 
bojihbi  (YB).  nojiyneHO  ypaBHeHHe  pacnpocTpaHeHna  (YB)  ana  btoio  cjiynaa.  HaftneHO 
aHajiHTHnecKoe  pemeHHe  ypaBHeHHa  nna  Majibix  3HaneHHH  napaMeTpa,  xapaxTepniyioiiiero 
cBOHCTBa  cpenbi.  ripoaHajironpoBaH  xapaKTep  pemeHHa  npn  pa3Hbix  3Haxax  3Toro  napaMeTpa  h 
ero  3HaueHnax  no  Monymo  nopanxa  enHHHHbi.  OdHapyaceHO,  hto  ripn  nonoacHTejiBHBix 
3HaneHHax  sxoro  napaMeTpa  YB  b  BH^e  «CTyneHbKH»  b  Taxon  cpene  ocjiadnaeTca  h 
BbipoamaeTca  b  B03MymeHHe  b  BH/je  onHHOHHoro  rop6a.  llpH  OTpmraTejibHbix  3HaneHnax  - 
HanpoTHB,  YB  ycHJiHBaeTca.  YcTaHOBjieHO,  hto  flJia  HajiHHHa  cTar(HOHapHoro  b  CHCTeMe 
Koop^HHaT  CBa3aHHofi  c  bojihoh  pemeHHa  pacnpocTpaHeHna  YB  b  cpe^e  c  PaneeBCXHM 
MexaHH3MOM  SHeproBbineaeHHa  HeodxonHMO  HannHHe  rpaHHHbi  cpe/ibi  bhh3  no  noTOxy  ot 
ynapHoro  cnoa.  Ee  nojioaceHHe  eooTBeTCTByeT  Tax  Ha3biBaeMOMy  «xpHTHnecxoMy» 
3Heprono;ino;ty  [21],  n  b  3toh  Tonxe  Mecraoe  hhcjio  Maxa  paBHo  e/iHHHiie.  YcTaHOBJieHO,  hto 
npn  nojioacHTejibnoM  3HaHeHnn  napaMeTpa  cpenbi  c  PaneeBCXHM  3HeproBBmejieHHeM 
cymecTByeT  npenejiBHoe  ero  3HaHeHne,  npn  npeBBimeHHH  xoToporo  ypaBHeHHe 
pacnpocTpaneHna  He  HMeeT  cxanHOnapHoro  pemeHHa  hh  npH  xaxoM  nonoaceHHH  rpaunnu 
cpe/mi  BBepx  no  noToxy  ot  ynapnoro  cnoa.  nojiyneHHBie  pe3yjiBTaTbi  no3BOjiaiOT  nepenra  x 
aHanH3y  ocodeHHOCTen  pacnpocTpaHeHna  YB  b  CJiad0H0HH30BaHH0H  iuia3Me  ra30Boro  pa3pana. 

PaccMaTpHBaioTca  HHCJieHHbie  h  npHdjiHHceHHBie  MeTOflBi  pemeHHa  ypaBHeHHa 
pacnpocTpaHeHna  YB  b  mnpoxoM  nnariaaoHe  napaMeTpoB  3HeproBKjiazia,  h  npHBOHHTca  oneHxa 
odjiacTeir  npnMeHeHHa  h  tohhocth  nojiyneHHbix  aHajiHTHHecxHX  (JiopMyji. 

CyTb  PeneeBcxoro  MexaHH3Ma  3axjnoHaeTca  b  tom,  hto  ecJin  nepBOHanajibHO  onHopo^Haa 
ynpyraa  cpena  oOna/iaeT  TeM  cbohctbom,  hto  npn  bo3hhxhobchhh  b  stoh  cpene  odjiacra  c 
noBbimeHHOH  ruioTHOCTbio  b  Hen  dyneT  npoHcxonHTb  nonojiHHTejibHoe  BBmejieHHe  Tenna,  to  b 
Taxofi  cpene  ynpyrne  bojihbi  Majioft  aMnnHTynbi  dyayr  ycnjiHBaTbca  [1,3].  Ecjih  ace  HaodopoT, 
npoHcxoHHT  norjiomeHHe  Tenna,  to  bojihbi  dynyT  ocnadnaTbca.  B  pa6oTax  [2,  3,  4]  noxa3aHO, 
HTO  OCHOBHBIM  MexaHH3MOM  B3aHMOZjeHCTBH3  axy CTHHeCXHX  BOJIH  C  HH3XOTeMnepaTypHOH 
nna3MOH  ra30Boro  pa3pana  h  aBJiaeTca  PeneeBCXHH  MexaHH3M.  Bnojme  acHO,  hto  He3aBHCHMO 
ot  npHpo;ibi  B03HHXH0BeHHa  h  BeJiHHHHbi  ynpyroro  B03MymeHHa  HaJiHHHe  PaneeBcxoro 
MexaHH3Ma  dyneT  oxa3biBaTB  BJinaHne  Ha  nHHaMHxy  3Toro  B03MyineHHa,  b  tom  HHcjie  h  Ha  YB. 

B3aHMoneHCTBHe  ynapHbix  bojih  c  ra3opa3pa,zmoH  nna3MOH  H3yHajiocb 
axcnepHMeHTajiBHO  h  TeopeTHHecxH  mhothmh  aBTopaMH  [7-10].  AxTyajibHOCTb  nonodiibix 
padoT  odycnoBjieHa  nonbiTxaMH  pa3padoTXH  HeTpaflHHHOHHbix  mctohob  onTHMH3anHH 
aapo^HHaMHHecxHx  xapaxTepHCTHX  JieTaTejiBHBix  annapaTOB  -  CHHaceHHa  JiodoBoro 
conpOTHBjieHHa,  yBejinneHna  no/rbeMHoft  chjibi  h  t.jj.  B  pe3yjibTaTe  dojibmoro  nncjia 
HCCJienoBaHHH  BBiaBJieHBi  pa3JiHHHBie  aHOMaJiHH  npn  CBepx3ByxoBOM  noneTe  Ten  pa3JiHHHOH 
(JjopMBi  b  cjiad0H0HH30BaHH0H  mia3Me  aTOMapHBix  h  MOJiexynapHBix  ra30B  [11,  12].  B  npyrax 
padoTax  npn  nccne/ioBaHHH  pacnpocTpaHeHna  derymnx  YB  b  ra30B0M  panpafle,  aHajiorHHHo, 
HadmonaJiHCb  3HaHHTejiBHBie  H3MeHeHHa  CTpyxTypbi  YB  [13,  14].  B  HacToamee  BpeMa  b 
jiHTepaType  hhtchchbho  odcyacnaeTca  Bonpoc  o  tom,  xax  HaJiHHHe  anexTpnHecxoro  nona  h 
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cjia6ofi  H0HH3auHH  ra3a  BJinaeT  Ha  CTpyicrypy  YB.  B  o,hhhx  paSoTax  yTBepxcflaeTca,  hto 
BJiHHHue  njia3Mbi  orpaHHHHBaeTca  jihihb  hsmchchhamh  YB  npn  npoxoxczteHHH  TennoBOH  2mm 
[15,  16],  b  flpyrax  -  hto  cymecTByioT  Tax  Ha3biBaeMBie  «cneijH(])HHecKHe  MexaHH3MM»  bjih2hh2 
naa3Mbi  Ha  CTpyicrypy  YB  [17,  18].).  npmoiajtHbix  3a^aH,  HanpHMep,  b  aapoflHHaMHKe, 
BecbMa  HHTepecHa  cjia6oHOHH30BaHHa2  njia3\ia  (cTeneHb  HomnaitHH  MeHee  1  O’5),  a  Taioxe 
cjia6bie  YB.  CneayeT  otmcthtb,  hto  nna3Ma  ca\iocT02TejibHoro  ra30Boro  pa3p2.ua  -  He 
e^HHCTBeHHbiH  npHMep  cpe^bi  c  PajieeBCKHM  MexaHH3MOM  3HeproBbwe;ieHH2.  /JpyrHM  TaxHM 
npHMepoM  MO)xeT  cnyxcHTb  moBaH  cpe^a,  b  KOTopoil  npoHexozwT  xHMHnecKHe  peaxuHH  c 
BbiaeneHHeM  (noniomeHHeM)  Ternia. 
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28.  NUMERICAL  SIMULATION  OF  DC  GLOW  DISCHARGES  FOR  HIGH-SPEED 

FLOW  CONTROL 

Jonathan  Poggie 

Senior  Aerospace  Engineer,  US  Air  Force  Research  Laboratory 

A  numerical  study  of  glow  discharges  was  carried  out  in  order  to  evaluate  their  potential 
for  flow  control  applications.  As  part  of  this  project,  a  three-dimensional  computer  code  has 
been  written  to  solve,  in  an  implicit,  loosely-coupled  fashion,  the  fluid  conservation  laws,  the 
charged  particle  continuity  equations  under  the  drift-diffusion  model,  and  the  Poisson  equation 
for  the  electric  potential.  Fully  three-dimensional  calculations  have  been  carried  out  for  DC 
discharges  in  nitrogen,  and  changes  in  the  flow  in  the  presence  a  discharge  have  been 
demonstrated.  In  computations  of  a  three-dimensional  electrode  configuration  mounted  on  a  flat 
plate  in  a  Mach  5  crossflow,  the  discharge  was  found  to  thicken  the  boundary  layer.  The 
resulting  compression  waves  led  to  increased  pressure  forces  at  the  plate  surface.  These  changes 
in  flow  structure  occurred  through  dissipative  heating;  the  body  force  term  in  the  fluid 
momentum  equation  was  negligible.  The  computations  are  in  qualitative  agreement  with  total 
temperature  measurements  made  in  a  similar  configuration  for  air  flow  (Menart  et  al.,  AIAA 
Paper  2003-2262).  A  preliminary  investigation  of  the  effect  of  an  applied  magnetic  field  has  also 
been  carried  out.  A  computation  of  a  simple  discharge  between  parallel  plates  showed  that  an 
applied  axial  magnetic  field  tends  to  suppress  the  radial  component  of  the  current  density. 


29.  HHCJIEHHOE  MO^EJIHPOBAHHE  ACHMMETPHHHOrO 
#H3JIEKTPHHECKOrO  EAPBEPHOrO  PA3PHflA 

A.B.  JlnxaHCKHH,  M.H.  UlHeftflep,  C.O.  ManepeT,  P.B.  Mafuic 

Princeton  University,  Princeton,  New  Jersey  08544 
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B  nocne^Hee  BpeMa  uinpoKO  HCCAeAyeica  B03MoacHOCTb  bjihhhh3  HepaBHOBecHOH  nna3Mti 
Ha  ra30Bbie  noTOKH.  B3aHMOAeHCTBHe  nponcxoAHT  nyTeM  HarpeBa  ra3a  hjih  nepe^ann 
HMnyjibca  ot  3apaaceHHbix  nacTHH  HeHTpanbHbiM.  J\j\%  npeAOTBpameHHa  OTpbiBa  norpaHCAoa 
6bmo  npe/moKeHo  Hcnonb30BaTb  acHMMeTpHHHbiii  AH3AeiopHHecKHH  6apbepHbiH  pa3paA 
(A/JEP).  A/(EP  coctoht  H3  flByx  3jieKTpo/iOB,  pa3aejieHHbix  AH3AeicrpHKOM  (pnc.l).  Hh>khhh 
3AeKTpoA  3a3e\uieH,  a  k  BepXHeMy  npHAoa<eHO  BbicoKOBOJibTHoe  HanpaaceHHe.  Paaom  c  ocTpneM 
BepxHero  SAeiapoAa  npH  nonane  HanpaaceHHa  o6pa3yeica  naa3Ma.  B  3KcnepnMeHTax  Kopxe, 
riocT,  MaKAacjmHa,  3hao  b  yHHBepcHTeie  Hoip  JJaMa  h  AxaAeMHH  BBC,  a  Taxace  JleoHOBbiM  b 
HOTAHe  6buro  noxasaHO,  hto  npH  noAane  cHHycoH^anbHoro  HanpaaceHHa  (2-20  xhaoboabt,  1- 
100  KHJiorepa)  ra3  TonxaeTca  caeBa  Hanpaso  co  cxopocTbio  HecxoAbxo  MeTpoB  b  cexyHAy. 

B  ziaHHOH  pa6oTe  npeacTaBJieHbi  pe3yjibTaTbi  hhcjichhoto  MOAeAHpoBaHHa  A/JEP  b 
B03^yxe,  h  Ha  hx  ochobc  o6bacHeHbi  <|)H3HHecxHe  npHHHHnw  pa6oTbi  A,fl,EP.  MoAeAb 
paccMaTpHBaeT  AHHaMHxy  aaeKTpoHOB,  nonoacHTeAbHbix  h  OTpHHaTejibHbix  hohob  b 
HefiTpanbHOM  ra3e.  HanHHne  b  moacah  OTpHHaTejibHbix  hohob  BaacHO  aaa  noHHMaHHa  c|)H3hxh 
AJI.EP.  /(BHXceHHe  3apa>xeHHbix  Hacrau  onncaHO  b  AHc[)4)y3HOHHO-ApeH(})OBOM  npH6AHa<eHHH. 
H3-3a  Toro,  hto  cxopocTb  ra3a  MaJia  no  cpaBHeHHio  c  ApeH(f)OBOH  cxopocTbio  3apaaceHHbix 
nacTHH,  ra3  cHHTaeTca  CTaijHOHapHbiM.  B  MOAeAb  BXAioHeHbi  npoueccbi  HOHH3anHH, 
peKOMOHHaHHH,  npHAHnaHHA  H  OTAHnaHHH. 

C  nOMOmbK)  ASHHOrO  X0A3  6bIA  npOMOACAHpOB3H  A/(BP  C  nOAaHHbIM  CHHyCOHAaAbHbIM 
Hanp5DKeHHeM  pa3AHHHBIX  aMHAHTyA  HanpA>KeHHA  H  HaCTOT.  riOKa3aHbI  MexaHH3MbI  TOAKaHHA 
ma  b  xaacAOM  H3  noAynepHOAOB  (noAoacHTeAbHaa  xopoHa  b  bhoahoh  <J>a3e  h  oTpHijaTeAbHaa 
KopoHa  (oTpHuaTeAbHbie  hohbi)  b  xaTOAHon).  Ha  ocHOBe  MOACAHpoBanHa  6bmo  npeAAoaceHo 
HcnoAb30BaTb  npHHHHnHaAbHO  hhoh  MexaHH3M  TOAKaHHH  ra3a,  a  HMeHHO  noAana 
noBTopaioDAHxca  HaHOceKyHAHbix  OTpHnaTeAbHbix  HMnyAbcoB  HanpaaceHHeM  Ha 
BbicoKOBOAbTHbiH  3AexTpoA  h  noAAepacaHne  nocToaHHoro  noAoacHTeAbHoro  HanpaaceHHa  Ha 
SAeKTpoAe  MeacAy  HMnyAbcaMH.  Bo  BpeMa  HMnyAbca  nponcxoAHT  npo6on,  snexTpoHbi  3a 
HaHocexyHABi  3aHocaTca  Ha  AHaAexTpnx,  3annpaa  pa3paA,  a  okoao  ocTpna  BbicoKOBOAbTHoro 
SAeKTpoAa  o6pa3yeTca  o6naxo  noAoacHTeAbHbix  hohob.  B  aHOAHOH  4>a3e  nonoacHTeAbHbie  hohm 
ApeH(J)yK)T  k  OTpHHaTeAbHo  3apaaceHHOMy  AH3AexTpHxy,  TOAxaa  ra3  h  HeHTpanH3ya  3AexTpOHbi 
Ha  AH3AeKTpHKe. 

B  MOAeAH  H3HACHbI  CHAbI,  ACHCTByfOLHHe  CO  CTOpOHbl  nAa3MbI  Ha  ra3,  H  paCCHHTaH 
TenAOBOH  HarpeB.  H3-3a  m3aocth  ra30Bbix  BpeMeH  no  cpaBHeHHio  c  nAa3MeHHbiMH, 
ycpeAHeHHaa  cnaa,  Tonxaiomaa  ra3,  MoaceT  6bitb  noACTaBAeHa  b  ypaBHeHHe  aaa  norpaHCAoa. 
Taxon  pacneT  6bia  npoBeAeH  h  ero  pe3yAbTaibi  Taxace  6yAyT  npeACTaBAeHbi  Ha  KOH(})epeHHHH. 


Pnc.l.  AcHMMeTpHHHblH  AH3JieKTpHHeCKHH  Sapbepubin  pa3pnA. 
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29.  NUMERICAL  MODELING  OF  PLASMA  ACTUATOR 

Alexander  V.  Likhanskii,  Mikhail  N.  Shneider,  Sergey  O.  Macheret,  and  Richard  B.  Miles 

Princeton  University,  Princeton,  New  Jersey  08544 

Electromagnetic  devices  can  be  used  for  different  manipulations  on  the  flow.  The 
interaction  can  be  caused  by  collisions  of  charged  particles  with  neutral  gas  or  by  heating  the  gas 
in  the  region  of  interaction.  There  is  also  a  possibility  of  power  extraction  in  near  the  surface 
using  MHD  effects.  Different  configurations  can  be  used  for  these  purposes.  In  our  group  the 
snow-plow  arc  concept  was  recently  developed.  It  allows  driving  the  discharge  in  the  flow  using 
magnetic  field.  Russian  groups  at  the  Institute  of  High  Temperatures  (S.  Leonov  et  al.)  have 
investigated  flow  control  with  high-current  quasiequilibrium  surface  arcs.  These  researches  refer 
to  the  high-speed  flow  control.  However,  significant  results  have  been  obtained  by  T.  Corke  and 
his  colleagues  at  Notre  Dame,  Air  Force  Academy,  and  other  institutions  on  the  use  of  single 
dielectric  barrier  discharge  for  low-speed  flow  separation  control. 

The  in  present  work  the  detailed  physical  model  for  asymmetric  dielectric  barrier  discharge 
(DBD)  in  air  is  developed.  Modeling  of  DBD  with  applied  sinusoidal  voltage  is  carried  out.  The 
leading  role  of  charging  the  dielectric  surface  by  electrons  in  the  cathode  phase  is  shown  to  be 
critical,  acting  as  a  harpoon  that  pulls  positive  ions  forward  and  accelerates  the  gas  in  the  anode 
phase.  The  positive  ion  motion  back  towards  the  exposed  electrode  is  shown  to  be  a  major  source 
of  inefficiency  in  the  sinusoidal  or  near-sinusoidal  voltage  cases.  Based  on  understanding  of  the 
DBD  physics,  an  optimal  voltage  waveform  is  proposed,  consisting  in  high  repetition  rate  short 
(a  few  nanoseconds  in  duration)  negative  pulses  combined  with  positive  dc  bias  applied  to  the 
exposed  electrode.  The  velocity  of  near-surface  gas  jet  produced  by  the  DBD  actuator  thus 
optimized  is  shown  to  be  considerably  (potentially  -  by  1-2  orders  of  magnitude)  greater  than 
that  for  a  sinusoidal  signal  with  similar  parameters. 

The  different  time  scales  of  plasma  and  hydrodynamic  processes  allowed  us  putting  the 
time-averaged  plasma  force  on  the  flow  in  the  Navier-Stokes  equation  for  the  boundary  layer 
problem.  The  possibility  of  influence  on  the  boundary  layer  has  been  shown. 


gas  flow 


high-voltage  electrode 


plasma 


a.c. 


dielectric 


grounted  electrode 


Fig.l  Asymmetric  dielectric  barrier  discharge 
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30.  rHIIEP3ByKOBME  IIJIA3MEHHHE  CTPYH,  TEHEPHPYEMblE 
KB A3HCT AIJHOH  APHLIM  M ArHHT O-II JI A3MEHHKIM  KOMIIPECCOPOM  H  HX 
nPHMEHEHHH  B  nPHKJIAJJHOH  nJIA3MO^HHAMHKE. 

MaiueK  H.H.,  JlauiKOB  B.A.,  Ahhchmob  K).H. 

CaHKm-IJemepGypscKuit  Tocydapcmeembiu  Ynueepcumem 

KojiecHHHeHKo  K).G>. 

OobednueHHbiii  Hucmumym  Bbiconux  meMnepamyp,  MocKea 

KBa3HCTaaHOHapHHH  MarHHTO-njia3MeHHbiH  KOMnpeccop  (MEIK)  6biji  pa3pa6oTaTH  b 
CCCP  b  1960-1980  roaax.  [  1 ,2]  TaKHe  xoaxcnanbHbie  pa3paaHbie  chctcmbi  co3aaBajmcb  ana 
HHacexijHH  npe^BapHTenbHO  HarpeTOH  nna3Mbi  b  ycTpoftcTBa  THna  TOKAMAK.  llpn 
pa3JiH4Hbix  peacHMax  pa6oTbi  M11K  reHepHpyioT  ciJioxycHpoBaHHbie  njia3MeHHbie  CTpyH 
pa3;iHHHbix  ra30B  (H2,  He,  N2,  Ar,  Bo3ayx)  co  cpaBHHTejibHo  bhcokoh  nnoTHocTbio  b  o6jiacTH 
KOMnpeccHH  (Gonee  neM  (1016-1018)  cm'3),  TeMnepaTypoft  oxono  1-3  eV,  cKopocTbio  ra3a  b 
4>oxyce  cTpyn  5-70  km/c.  TnnHHHaa  anHTenbHOCTb  HMnyjibca  Toxa  b  btom  rane  ycxopHTena 
100-200  ps,  ero  aMnnHTyaa  50-200  kA,  BpeMa  a<H3HH  CTpyn  njia3Mbi  okojio  80-100  ps. 

Pe3ynbTaTbi  Hanmx  nepBbix  3KcnepHMeHTOB  [3]  noKa3biBaioT,  hto  CBOHCTBa  crpyii, 
reHepHpyeMbix  MnK  (npn  pa6oTe  MnK  b  peaoiMe  ocTaTounoro  ra3a)  aonycxaiOT  hx 
Hcnonb30BaHHe  b  npHKJia^HOH  nna3MOflHHaMHKe.  B  npeacTaBneHHOH  paGoTe  o6cyncaaiOTca 
B03MWKHOCTH  HCnOJIB30BaHHa  IIJia3MeHHbIX  CTpyH,  TeHepHpyeMblX  MnK  B  3KCnepHMeHTaJlbHbIX 
HCCJieaOBaHHJIX,  CBa3aHHBIX  CO  CBeAyiOmHMH  B3)KHeHIIIHMH  HanpaBJieHHJtMH: 

runep3eyKoean  aopoduHcmuKa.  B  stoh  oGnacra  njra3MeHHbie  CTpyn  MnK  MoryT  Gbitb 
Hcnojib30BaHbi  KaK  TecTOBbie  ana  axcnepHMeHTanbHoro  MoacJinpoBanna  npopeccoB 
B3aHMoaeHCTBHa  THnep3ByKOBbix  nna3MeHHbix  noTOKOB  c  pa3JiHHHbiMH  MaTepnajiaMH  h  TenaMH. 
CymecTByiomne  napaMeTpbi  CTpyn  b  MnK  no3BonaiOT  npoBOAHTb  HccjieaoBaiiHa  npopeccoB 
(JjopMHpoBaHHa  yaapHbix  bojih  ana  ohciib  HHTepecHoro  h  Baamoro  ananaaona  cxopocTen  5-20 
km/c. 

CjueuieHue  ceepx3eyKoebix  neumpcuibHux  nomoKoe  u  2unep3eyK06bix  nna3.\ieHHbix  cmpyii. 
Bo3moxchocth  MnK  C03aaBaTb  KOMnpeccHOHHbie  CTpyn  riJia3Mbi  b  cpaBHHTejibHo  nnoTHOH 
cpeae  no3BonnfOT  Hcnonb30BaTb  hx  ana  HHacexpHH  nna3Mbi  b  cTanaapTHbie  aapoaHHaMHHecxHe 
CBepx3ByKOBbie  noTOKH.  3to  mokct  Gbitb  Taxace  HHTepecHO  ana  xompona  noTOKOB  b 
THnep3ByKOBbix  aenraTenax,  a  Taxace  b  Mr/J  npnnoaceHHax. 

JlHTepaTypa: 

1.  AcTauiHHCXHH  B.,  EaxaHOBHH  T.,  Mhhbxo  JI.  HccjieaoBaHHe  anHaMHXH 
nna3Moo6pa30BaHHa  h  npoqeccoB  (JiopMHpoBaHHa  xoMnpeccnoHHOH  oGnacra  b  MarHHTO- 
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Quasi-stationary  Magneto  -  Plasma  Compressor  (MPC)  had  been  developed  in  the  USSR 
on  the  period  of  1960-1980  years  [1,2],  These  coaxial  discharge  systems  were  created  for 
injection  of  preliminary  heated  plasma  in  TOCAMAC.  Under  different  operational  modes  MPC 
generates  the  focusing  plasma  jets  of  different  gases  (H2,  He,  N2,  Ar,  Air)  with  comparatively 
high  density  in  compression  area  (up  to  (1016-10  8)  cm'3),  temperature  about  1-3  eV,  gas  velocity 
in  jets  focus  5-70  km/sec.  The  typical  duration  of  current  impulse  in  this  type  of  accelerators  is 
100-200  ps,  its  amplitude  50-200  kA,  the  jet  lifetime  is  about  80-100ps. 

Results  of  our  first  experiments  [3]  show  that  properties  of  MPC  generated  jets  (for 
Residual-Gas  -Regime  of  MPC)  allow  their  using  in  applied  plasma  dynamics.  In  presented  work 
the  possibilities  of  using  MPC  generated  jets  for  experimental  investigations  in  the  next  very 
important  directions  are  discussing: 

Hypersonic  aerodynamics.  In  this  area  plasma  jets  of  MPC  may  be  used  as  testing  flow  for 
experimental  modeling  of  interaction  processes  of  hypersonic  plasma  flows  with  different 
materials  and  bodies.  Existing  parameters  of  MPC  jets  permit  to  realize  the  investigations  of  bow 
shock  formation  processes  for  very  interesting  and  important  diapason  of  plasma  velocity  -  5-20 
km/s,  density  and  temperatures. 

Mixing  of  supersonic  neutral  flows  and  hypersonic  plasma  jets.  The  possibilities  of  MPC 
to  create  a  compressible  plasma  flows  in  comparatively  dense  media  allow  to  use  it  for  plasma 
injection  in  standard  aerodynamic  supersonic  flows.  It  may  be  interesting  for  flow  control 
problems  in  supersonic  engines  and  MHD  applications. 
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1.  HCCJIE^OBAHHE  CBH  PA3PH/IA,  HHHIJHHPOBAHOrO  JIA3EPHMM 

H3JIYHEHHEM  B  B03/tYXE 

B.EpoBKHH,  lO.KojiecHHHeHKO,  Jt.XMapa 
HBT  PAH,  Mockbci 
H.MameK,  B.JIamKOB 

C.-nemep6ypecKuu rocydapcmeeunbiu  ynueepcumem,  C.-nemep6ypa 

fLyneHa  B03M0>xH0CTb  HHHitHaitHH  CBH  pa3p«Aa  na3epHOH  HexpoH  b  iuhpokom  AHana30He 
AaBaeHHH  B03Ayxa.  B  axcnepHMeHTax  AocrarHyia  ycTOHHHBaa  HHHUHauna  6e33AexTpoAHoro 
CBH  pa3pw  aTMOC(J)epHoro  abbachha  Aa3epHOH  HexpoH,  co3AaBaeMOH  Nd:YAG  Aa3epoM 
(AJiHTejibHocTB  HMnynbca  15hc)  Ha  BTopon  rapMOHHKe.  H3MepeHbi  noporn  CBH  npo6oa  npw 
pa3AHHHbix  AaBaeHHax  B03Ayxa  h  ypoBHHX  SHeprHH  Jia3epa.  IIpH  bkajohchhh  na3epa 
Ha6nioaaeTca  npoGoft  Ha  noHH>xeHHbix  HHTeHCHBHOCTax  CBH  nojna.  IlpoHBjmeTCH  3(Jx|)exT 
CTa6HJiH3auHH  CBH  npo6oa  na3epHbiM  H3AyneHHeM  Aonpo6oHHbix  ypoBHeft.  HHHunauHH  CBH 
pa3paaa  aa3epHOH  Hcxpofi  AocraraeTCfl  xax  npn  oAHOBpeMeHHOM  achctbhh  jia3epHoro  h  CBH 
HMnyabcoB,  Tax  h  b  cnynae  3aAep>xxH  CBH  HMnyAbca  OTHOCHTeAbHO  Aa3epHoro.  BeAHHHHa 
3aAep>KKH  B  60AbUI0H  CTeneHH  3aBHCHT  OT  AaBAeHHA  B03Ayxa,  yBeAHHHBAACb  OT  220 
MHKpocexyHA  npn  aTMoc^epHOM  pamemm  a o  lOOMHAAHcexyHA  npn  70  mm.pt.ct.  HaGaiOAaeTca 
pa3BHTne  CBH  pa3p«Aa  baoab  na3epHoro  Ayna,  ho  nonepex  CBH  Ayna.  Bo3HHxaioiAHe  nonepex 
CBH  Ayna  cTpyxTypbi  Taxne  >xe,  xax  Te,  hto  (JjopMHpyiOTCfl  npn  pacnpocTpaHeHHH  baoab  CBH 
Ayna  [1].  IIpeACTaBAeHbi  npeABapHTeAbHbie  pe3yAbTaxbi  H3yneHHa  CBH  pa3pHAa, 
HHHAHHpoBaHHoro  Nd:YAG  Aa3epoM  HSAynaiomHM  Ha  neTBepTOH  rapMOHHxe.  3th  AaHHbie 
cpaBHHBaioTca  c  paHee  nonyHeHHbiMH  Ha  BTopow  rapMOHHxe. 

/JeMOHCTpHpyerca  Taxace  bo3mo5XHoctb  HHHitHaitHH  CBH  paspw  MHxpocexyHAHOH 
AAHTeAbHOCTH  HCXpOH  pyGHHOBOTO  Aa3epa  B  HenOABHMCHOM  B03Ayxe  aTMOC^epHOTO  ASBAeHHH. 
OnpeAeAeHbi  npeAeAbHbie  3aAep>xxH,  npH  xoTopbix  eme  HaGnioAaeTca  B3aHMOAencTBHe  CBH 
H3AyHeHHH  c  pacnaAaiomeHCH  na3epHOH  nAa3MOH.  Hx  3HaneHHH  oxa3aAHCb  nopnAxa  300mxc. 
OnpeAeAeH  ypoBeHb  CBH  ancprHH,  baokchhoh  b  ocTaTOHHyio  Aa3epHyio  nAa3My.  TeHeBbiM 
MeTOAOM  3a<J)HxcHpoBaHbi  yAapnbie  boahh,  B03HHxaiomHe  b  pa3paAHon  o6nacTH  b  pe3yAbTaTe 
B3aHMOA6HCTBHH  CBH  c  nA33MOH  na3epHOH  Hcxpbi.  IIpeACTaBAeHbi  nepBbie  pe3yAbTaTbi 
HHHUHaUHH  CBH  pa3p«Aa  Aa3epHOH  HCXpOH  B  CBepX3ByXOBOM  nOTOXe. 

BbinoAHeHbi  Tax>xe  HHCAeHHbie  HccneAOBaHHA  pacnaAa  Aa3epHOH  nAa3Mbi  h 
aHaAH3HpyiOTca  npoueccw  B3aHMOAencTBHa  CBH  nona  c  pacnaAaiomeHCH  Aa3epHOH  nna3MOH. 
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discharge  in  wave  beams".  J.  Moscow  Phys.  Soc.  5  (1995)  23  -  38. 
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The  possibility  of  laser  spark  initiation  of  microwave  discharge  in  quiescent  air  in  wide 
range  of  air  pressure  has  been  investigated.  The  stable  electrodeless  MW  discharge  initiated  by 
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laser  spark  produced  on  the  second  harmonics  of  Nd:YAG  laser  with  15ns-pulse  duration  in  air 
under  the  atmospheric  pressure  is  realized.  The  MW  breakdown  thresholds  under  the  variation  of 
radiated  laser  energy  and  air  pressure  are  measured.  Stable  breakdown  at  reduced  MW  field 
intensity  is  registered  under  a  laser  beam  action.  The  effect  of  MW  breakdown  onset/stabilization 
in  the  presence  of  sub-breakdown  intensity  of  laser  beam  is  eliminated.  The  initiation  ability  of 
laser  spark  over  MW  pulse  delay  depends  substantially  upon  air  pressure  and  changes  from  220ps 
under  the  normal  conditions  to  more  than  100ms  under  70Torr.  MW  discharge  development  in  the 
direction  of  sub-breakdown  laser  beam,  but  across  MW  beam  is  observed.  This  effect  is  analogues 
to  laser  triggering  of  DC  spark.  The  arising  discharge  structures  are  the  same  as  are  developing 
along  MW  beam  [1],  Preliminary  results  of  initiation  of  MW  discharge  by  Nd:YAG  laser  beam  on 
the  fourth  harmonic  are  presented  and  compared  with  those  for  laser  beam  on  the  second 
hamionic. 

The  possibility  of  Ruby  laser  spark  initiation  of  lps  pulse  duration  MW  discharge  in 
quiescent  air  under  the  atmospheric  pressure  was  also  demonstrated.  The  critical  delays  for  MW 
radiation  coupling  with  decaying  laser  plasma,  exceeding  300ps  were  determined.  The  additional 
energy  input  due  to  MW  energy  deposition  was  recorded.  The  shock  waves,  arising  after  laser- 
induced  MW  discharge  in  air  under  the  normal  conditions,  are  registered  by  means  of  the  Shlieren 
system.  The  first  results  of  MW  laser-induced  discharge  in  supersonic  flow  are  presented. 

Numerical  investigation  of  laser  plasma  decay  is  carried  out  and  regimes  of  MW  filed 
interaction  with  decaying  laser  plasma  are  analyzed. 
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2.  /JHHAMHKA  BHXPfl  B  CPE/fE  C  P3JIEEBCKHM  MEXAHH3MOM 

3HEPrOBM#EJIEHHfl 

H. A.repacHMOB,  B.C.CyxoMnHHOB,  C.B.CyxoMJiHHOB 

HayHHo-uccjiedoeamejibCKuil  uncmumym  (pmuKu  CTIED/,  CaiiKm-IlemepSype,  Cm.llemepeocp 

Kax  H3BecTHO,  Pojiccbckhh  MexaHH3M  3HeproBbmeneHHH  3axniOHaeTca  b  tom,  hto 
ynpyraa  cpeaa  ofinaaaeT  TeM  cbohctbom,  hto  npn  HannHHH  b  Hen  HeonnopozmocTen  b  o6nacTax 
c  SoJibirreH  nnoTHOCTbio  BbiaenaeTca  (hhh  noraomaeTca)  Hexonopoe  xonHnecTBO  Tenna  h 
Hao6opoT  [1,2].  KoHKpeTHoe  xonHnecTBO  BbiaenaeMoro  (nornomaeMoro)  b  eauHnny  BpeMeHH 
Tenna  3aBHCHT  ot  xapaxTepHcrax  naHHOH  cpeam.  PaHee  6bmo  HecneaoBaHO  BjinaHne 
paccMaTpnBaeMoro  MexaHH3Ma  Ha  pacnpocTpaHeHHe  axycTHHecxHx  h  ynapHbix  bojih  [3-6], 
TlaHHaa  pa6oTa  nocBameHa  nccnenoBaHHio  aHHaMHKH  BHxpeBOH  TpyfixH  b  oxnMaeMOH 
PaneeBCKOH  cpeae  h  b  hbcthocth,  b  mia3Me  caMOCToaTenbHoro  ra30Boro  pa3pana. 

3aaana  pemanacb  b  npHfijmnceHHH  HaeanbHOH  cacHMaeMoii  hchhkocth,  Hero 
Hcnonb30Banacb  HecTauHOHapHaa  CHCTeMa  ypaBHeHHH  3ftnepa.  /fiia  fiecKOHeuHOH  BHxpeBOH 
TpybKH  nojiyneHO  aHanHTHHecxon  pemeHne  ana  TaHreHitHanbHOH  h  paananbHOH 
cocTaBnafomen  cxopocTen  ra3a  npn  pa3nHHHOM  3Haxe  nocTOHHHOH,  xapaKTepusyroinen 
CBOHCTBa  PaneeBCKOH  cpeaw.  OTaenbHO  paccMOTpeH  cnyuan  HH3K0TeMnepaTypH0H  nna3Mbi 
ra30Boro  pa3paaa,  ana  cmyanHH,  Koraa  anexTpHHecxoe  none  b  nna3Me  opToroHanbHo  h 
napannenbHO  och  BHxpeBOH  TpyOxn.  B  nocneaHeM  cnynae  o6Hapy)xeHo,  hto  BHxpeBaa  ipyoxa 
co  BpeMeHeM  pa3pymaeTca.  IlpH  ranHHHbix  ana  nna3Mbi  nnoraocTax  Toxa  nopaaxa  10  mA/cm2 
h  aaBneHHax  b  aecaTKH  Topp,  BHxpb  b  B03ayxe  pa3pymaeTca  3a  BpeMeHa  nopaaxa  cotbix 
cexyHaw.  CxopocTb  pa3pymeHHa  3aBHCHT  He  Tonbxo  ot  napaMeTpoB  PaneeBcxon  cpeati,  ho  h 
ot  HHTeHCHBHOCTH  caMoro  BHxpa  h  B03pacTaeT  npn  VBennHeHHH  nepBOHananbHOH  nacTOTbi 
BpameHHa  ra3a.  3to  o6bacHaeTca  TeM,  hto  c  poctom  hhtchchbhocth  Biixpa  B03pacTaeT 
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nepBOHaqajibHbiH  rpazmeHX  nnoxHOCXH  b  me,  BCJieAcxBHe  nero  yBejiHHHBaexcn  B03AeHCXBHe  Ha 
AHHaMHKy  ABHxceHHH  ma  PajieeBCKoro  MexaHH3Ma.  B  pa6oie  xaioxe  npoaHajiH3HpoBaHO 
BjiHHHHe  ynexa  xenjionpoBOAHOCxH  h  bh3kocxh  ma  Ha  cxopocxb  pa3pymeHHH  BHxpn.  noimaHO, 
hto  b  cjiynae  mopa3pHAHOH  naa3Mbi  B03^yxa  sxh  s^exxbi  He3HanHxejibHbi. 

nojiyneHHbie  b  pa6oxe  pe3ynbxaxbi  no3BOJiHiox  nepenxH  k  pa3pa6oTKe  njia3MeHHbix 
MeToaoB  ynpaBJieHHa  3aBHxpeHHOCTbio  h  cxeneHbio  xypSyneHXHoexH  moBbix  noTOKOB. 

JlHTepaTypa. 
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3.  HHCJIEHHOE  PEIUEHHE  3A^AHH  KOUIH  ]\m  YPABHEHHH  B  HACTHblX 
nPOH3BO^HbIX  nEPBOrO  nOPH^KA  METO/JOM  XAPAKTEPHCTHK  H 
TPEX^CHAKOCTHAB  MO^EJIL  IIJIA3MbI 
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npe,zuiaraeMbiH  MexoA  ocHOBaH  Ha  HMHxaijHH  Mexo^aMH  nporpaMMHpoBaHHH  (Ha  H3biice 
Jiio6oro  ypoBHfl)  npone^ypbi  aHajiHXHnecKoro  pemeHHH  ypaBHeHHH  b  uacTHbix  npoH3BOAHbix. 

PaccMOTpHM  oGbiHHyio  nocaeflOBaTejibHOCTb  aHajiHXHuecKoro  pemeima  3aaann  Komn 
ypaBHeHHH  b  nacxHbix  npoH3BOAHbix  ajih  4>yHKmm  z  =  z(x,y)  ox  AByx  He3aBHCHMbix 


nepeMeHHbix  x,j 


+  g(x,  y)z(x,  y)  dz(*,y)  =  F(x,  y,  z) 


0) 


\  /^  /  A 

ox  cy 

XapaKxepHCXHHecKHe  ypaBHeHHH  ^jih  ypaBHeHHH  (1)  oxHocnxejibHO  napaMexpa  (b 
KanecxBe  napaMexpa  yaoSHo  Bbi6paxb  nepeMeHHyio  x)  HMeiox  bha  [1,2]: 
dy(x) 


dx 

dz(x) 

dx 


=  g{x,y(x)), 

=  F(x,y(x),z(x)) 


(2) 

(3) 


PemeHHe  axon  chcxcmbi 

yW  =  «»W+^,  ,  (4) 

z(*)  =  /(*)  + ^2.  (3 * 5) 

coAepxcHx  npoH3BonbHbie  nocxoHHHbie  Ee3  orpaHHneHHH  oGihhocxh  HanajibHbie 

ycaoBHH  b  3aAane  Komn  moacho  onpeAennxb  Ha  nnocxocxH  Z0F  (x  =  0)  3aaaHHeM  <|)yHKHHH 
=  w(j).  HanajibHbie  ycAOBHH,  onpeAenniomHe  coBoxynHoexb  xonex 
{ X  =  0 ,  y  =  tJ,Z  =  «(*/)  }  n03BOJIHK)X  BbIHHCJIHXb  BeJIHHHHy  npOH3BOJlbHbIX  nOCXOHHHbDC 


VnVi  '■ 

//  =  ^(0)  +  ^,(»/),  (6) 


61 


®(v)  =  /(0)  +  ¥f2fo)-  (7) 

/Jjw  nojiyneHHH  pemeHHH  b  npoH3Bom>HOH  xomce  {x,j}  Heo6xoaHMO  BbinoJiHeHHe 
paBeHCTBa  (4): 

y  =  <p(x) +  11/^1)  .  (8) 

YpaBHeHHH  (6), (7)  h  (8)  npeacxaBJiniox  co6oh  cncxeMy  Tpex  ypaBHeHHH  oxHOCHxejibHO 
Tpex  HeH3BecTHbix  t],  \f/l  y/2 .  Ecjth  pemeHHe  hcxoahbix  ypaBHeHHH  h  pemeHHe  sxoh  chctcmbi 
yaaexcn  nonymiTb  b  aHajiHTHHecKOM  BH/je,  BbipaxceHHe  (5)  aaex  pemeHHe  nocxaBaeHHOH 
3aaaHH.  Koraa  aHajmxHnecKoe  pemeHHe  HaHTH  He  yaaexcn,  mojkho  HcnojiB30BaTB  cjieayiomyio 
nocjieaoBaTejibHOcxb  aeftcxBHH. 

3aaaanM  npOH3BOJibHo  b  ypaBHeHHHx  HanaubHoe  3HaneHHe  napaMeTpa  ij  h  BbinojiHHM 
HHCJieHHoe  pemeHHe  ypaBHeHHH  (1)  h  (2)  npH  HanajibHbix  ycjioBHnx  x  =  0,  y-rj,  z  =  (o(tj) 
jiio6biM  y^o6HbiM  MexoaoM  (HanpHMep,  MeToaoM  PyHre-Kyrra,  AaaMca  h  T.n.).  npOBeaeM 
HHTepnojiHUHio  noJiyHeHHoro  pemeHHH  (3)  jxna  (JtyHKiiHH  j(x)  b  OKpecTHOCTH  tohkh  x  h 
npoBepHM  BbinoJiHeHHe  ycjiOBHH  (8)  (ycjiOBHH  (6)  h  (7)  yaoBJiexBopnioxcH  aBxoMaxHnecKH  3a 
cnex  3a^aHHH  HanajibHbix  ycjiOBHH  npn  HHCJieHHOM  pemeHHH  amjMjjepeHLmajibHbix 
ypaBHeHHH(l)  h  (2)).  Ecjih  ycjiOBHe  (8)  He  BbinoaHHexcn,  CKoppeKTHpyeM  jhoSbim  yao6HbiM 
MexoaoM  (MexoaoM  HbiOTOHa,  HanpHMep)  HanajibHoe  3HaneHHe  napaMexpa  tj ,  pemHM  cncxeMy 
ypaBHeHHH  (l)-(2),  CHOBa  npOBeaeM  Koppeicmno  Ha  BbinoJiHeHHe  ypaBHeHHH  (8)  h  x.a.  Koraa 
3HaneHHe  napaMexpa  t]  cxaHex  xaKHM,  hxo  ypaBHeHne  (8)  6yaex  .BbinojmeHo,  pe3yjibxax 
HHCJieHHoro  pacnexa  ypaBHeHHH  (3)  aacx  HaM  pemeHHe  nocxaBJieHHOH  3aaami.  T.o.,  ariropHXM 
HHCJieHHoro  pacnexa  moxcho  onncaxb  cneayioumM  o6pa30M. 

1 .  3aaaHHe  HamuibHoro  3HaneHHe  napaMexpa  tj . 

2.  ^HCJreHHoe  pemeHHe  cncxeMbi  aHcJxJjepeHimajibHbix  ypaBHeHHH  nepBoro  nopnaxa  npn 
3anaHHbix  napaMexpoM  tj  Hanaribiibix  ycJiOBHHX  h  ero  annpoKCHMaijHH  b  OKpecxHOCXH 
XOHKH  JC  . 

3.  ripoBepKa  BbinojiHeHHH  ypaBHeHHH  (8).  Ecjih  ypaBHeHHe  (8)  He  BbinoJiHHexcH, 
ripoBeaeiiHe  KoppeKHHH  HanajibHoro  3HaneHHH  h  nepexoa  k  n.2.  BbinoJiHeHHe  ycjiOBHH 
(8)  3aBepmaex  HxepaimoHHyio  nponeaypy  h  aaex  pemeHHe  3aaanH  Komn  b  3aaaHHOH 
XOHKe  {jc,  j}  . 

Mohcho  Hcri0Jib30Baxb  h  6ojiee  npocxyio  nponeaypy  nojiyneniiH  pemeHHH, 
HCKJHonaiomyio  pemeHHe  xpaHcueHaeHXHoro  ypaBHeHHH  h  CBH3aHHbie  c  sxhm  noBxopHbie 
HHCJieHHbie  BbmHCJieHHH  pemeHHH  aH(J)(J)epeHnHajibHbix  ypaBHeHHH.  EloapoGHo  nponenypa  h 
ajiropnxM  pemeHHH  npeacxaBaeHbi  b  aoiuiaae.  B  3xom  Mexoae  3apaHee  paccnHXbmaioxcH 
xaGjiHUbi  j(x)  h  z(x)  npn  HenoxopoM  Ha6ope  3HaneHHH  napaMexpa  tj,  npoBoanxcn  oneHKa 
o6jiacxn  H3MeHeHHH  B03MO)KHoro  H3MeHeHHH  nepeMeHHOH  y  (BejiHHHHbi  Y  min  h  Y  max  b 
npHMepe  2),  a  3axeM  jikhchhoh  HHxepnojiHijHH  oxbiCKHBaexcn  pemeHHe  npn  flHCKpexHOM 

xfc  *“  Xtl 

HaSope  nepeMeHHOH  .x*  =— - —k  (Bexxop  X  b  npHMepe  2).  Moxcho  ncnoJib30Baxb  h 

Nr 

6onee  xoHHbie  Mexoabi  HHxepno.xHUHH,  npHMeHHB  hx  h  ana  Haxox<neHHH  pemeHHH  b 
npoMejKyxxax  Mexcay  ancKpexHbiMH  3HaneHHXMH  nepeMeHHOH  x . 

EcxecxBeHHo,  npeanaraeMax  nponeaypa  MoxceT  6bixb  npHMeHeHa  k  ypaBHeHHHM  6ojiee 
BbicoKoro  nopxaxa  h  c  6oabmHM  hhcjiom  nepeMeHHbix,  nocKoabKy  Kaxcaoe  ypaBHeHHe  (hjih 
cHcxeMa  ypaBHeHHH)  Moxcex  6bixb  npHBeaeHa  k  cncxeMe  xapaKxepncxHHecKHx  ypaBHeHHH 
nepBoro  nopxaxa  ox  oaHon  nepeMeHHOH  [1]. 

06aacxb  npHMeHeHHH  Mexoaa  h  cooxBexcxByroiime  orpaHimeHHX  no  ero 
Hcnojib30BaHHio  k  HacxoHineMy  BpeMeHH  eme  He  noayneHbi.  ripeaeabHan  npocxoxa  h  oSumocxb 
Mexoaa  no3BOJiHK)x  HaaenxbCH  Ha  ero  ycnemHoe  Hcnoab30BaHHe  bo  Bcex  cjiynanx  pemeHHH 
ypaBHeHHH  MaxeMaxHnecKOH  <|)H3Hkh,  xoraa  aoxa3aHO  cymecxBOBaHHe  h  eaHHexBeHHoexb 
pemeHHH  3aaami. 
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B  KanecTBe  npHMepa  Hcnojib30BaHHa  npejjuaraeMbix  mctoaob  b  AOXJiaAe  AaHo  pemeHHe 
coKpameHHofi  chctcmbi  ypaBHeHHH,  onHCbiBaroiAHX  nJia3My  b  Tpex>XHAX0CTH0M  npH6nH>xeHHH. 

JlHTepaTypa: 

1.  Cmhphob  B.H.  Kypc  Bbicmeft  MaieMaTHXH,  t.IV.  M.,  1957,  812  c. 

2.  KaMKe  3.  CnpaBOHHHx  no  .mnJ^epeHunajibHbiM  ypaBHeHHAM  b  nacTHbix  npoH3BOAHbix 
nepBoro  nopaAxa.  M.,  1966,  260  c. 


4.  BJIHBHHE  PACnPE^EJIEHHH  nO  IIOBEPXHOCTH  BHELUHErO  TEnJIOBOrO 
nOTOKA  HA  PAEOTY  CHCTEMbI  AKTHBHOH  TEnJIOBOH  3AmHTBI 

JIETATEJIBHOrO  AHnAPATA 

A.B.Kopa6ejibHiiKOB,  B.B.Kvhhhckhh,  H.B.THMO(J)eeB,  IO.B.Cojioakhh 

HaynHo-uccnedoeameiibCKoe  npednpmmue  zunep3eyK06bix  cucmeM,  CaHKm-flemepdypz 


ftoKJian  nocB^meH  H3Jio>KeHHio  nojiyaMnnpHHecKOH  MaTeMaTHnecxon  moacah 
TepMOXHMnnecKoro  peaxTopa,  b  xoTopoft  B03AencTBHe  TennoBoro  noToxa  Ha  TXP 
MOflejinpyeTCH  3aflaHneM  HexoTopofi  (fjyHxnnH  TennoBoro  HCTOHHHxa  q(X,Y,Z,r). 
Pacnpe^eneHHe  TennoBbix  hctohhhxob  no  flJiHHe  TXP  (no  och  X)  6epeTca  b  bhac 
oxcnoHemjHajibHOH  <J>yHXHHH  q(X)=qoexp(-X/Xo),  ahhchhoh  hah  rayccoBcxon  '(jjyHXHHH  (hjih 
hx  cynepno3HHnn).  HcnoAb30BaHO  npH6AH>xeHHe  Hec>XHMaeMoro  ra3a  (jxhaxocth),  njiOTHOCTb 
ra30B0H  CMecn  h  ocHOBHbie  napaMeTpbi,  xapaxTepH3yiomHe  TerinoMaccoriepenoc,  cnmaiOTCH 
nocToaHHbiMH.  EyaeT  paccMOTpeHO  npH6jmxceHHe,  b  xotopom  HHTepecyfomne  Hac  (];)yHxnHH 
3aBHCflT  TOJlbXO  OT  OAHOH  XOOp^HHaTbl  X  -  paCCTOHHHA  OT  BXOfla  B  TXP.  nPH  3TOM  Bbl6op 
HexoTopbix  napaMeTpoB  6y/ier  npoH3BOAHTbCH  tbxhm  o6pa30M,  xax  GyzjTo  Mbi  BeaeM 
paccMOTpeHHe  nonHOH  TpexMepHOH  CHTyaunn,  noaTOMy  Taxoe  npn6jiH>xeHHe  mojxho  CHHTaTb 
XBa3Ho^HOMepHbiM.  B  o6meM  cnynae  cncTeMa  cTaunoHapHbix  ypaBHeHHH  TennoMacconepeHoca 
b  TpexMepHOM  TXP  HMeeT  bha: 


cpP 


-V2T-wVT  +  — 


v2Po 


<0 


cpP 


70+- 


=  0 


cpP 


(1) 


DV2p  -  wVp„  +  kI^-V2T  -  =  0  . 

0  0  j  p 

B  TXP  nocTynaeT  cMecb  H3  MeTaHa  h  BToporo  cyMMapHoro  xoMnoHeHTa  ,  b  xoxopbiH 
BxoflHT  Bee  ocTajibHbie  nponyxxbi  peaxann.  OiHocHTejibHbie  xonneurpannH  MeTaHa  h 
BToporo  XOMnOHeHTa  CMeCH  06bIHHbIM  o6pa30M  CBH3aHbI  C  COOTBeTCTByiOmHMH  nJIOTHOCTHMH 
r0  H  n 


JO/  =  ro 
0  /(rQ+r^) 


P7  /^0  +  J  /P 

Bboaa  6e3pa3MepHyio  npocTpaHCTBeHHyK)  nepeMeHHyio  x  = 


npnneM  Pq  +  P^=  1  •  (2) 
X 


r^e  L  -  AJiHHa  TXP, 


nojiynaeM  CHCTeMy  ypaBHeHHH 
f  *  ^ 


w  dT 
L  dx 


CZ  T  Q 


cnP 


cpP 


x/q- 


cpP 


w  Q 
L 


PPQ 

dx2 


w  dpQ  kj 
DL  ~dx~  +  ~T~ 


_i_  dh_ 

L2  dx 2 


dPQ 

dx 


0, 


(3) 


Dp 


=  0 


Bxoahhmh  napaxieTpaMH  3aaanH  abahkdtch  pacxoA  MeTaHa  go  h  pacxoA  napoB  boah, 
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KOTOpaa  Ha  BXO^e  B  TXP  HBJIHeXCH  enHHCXBeHHBIM  KOMnOHeHTOM  CMeCH  gx=gl  (Kr/c). 
Pemenue  nepeoao  ypaenemm  nonynaemcM  cmaudapmnbiM  MemodoM,  ecnu  cnumamb,  nmo  na 
exode  e  TXP  (x =0)  mejunepamypa  6una poena  meMnepamypeT0  nocmynatoiifeu  na  exod  TXP 

ea3oeou  cMecu.  TIojiynenHoe  npu  omo.u  ycnoeuu  pacnpedeneuue  meMnepamypbi  no  dnune  TXP 
daemon  ebipaotcemie.M 


T(x)=  TQ 


H-s 


xe~Hx+_Q0_e-ex  (4) 
H-s 

'  u  _  C2Z/0 


rne  Q0  =  -°L- ,  H  =  — — — . 
wcPp  wp-cp 

BbiHucnenue  omnocumenbHbix  eecoeux  KomfeHmpaifuu  ocmcuibHbix  KOMnonenmoe 
npoeodumcn  no  (popMynaM 

Pi  O)  =  Pl  ~~T7~ X~~7 \P0  ~  PO  Wl  Pi  (x)  =  ~~ T~7 [A)  ~  PO  0)J 

Mn  k  + 1  Mo  A:  4- 1 

U  u  (5) 

Pi  (x)  =  [po  ~  Po  (*)1  P4  (x)  =  [po  -  Po  (x)\H 

M  o  k  + 1  M0  k  + 1 

rne  HH^eKC  “1”  3aicpenjieH  3a  H2O,  “2”  3a  CO,  “3”  3a  CO2  h  “4”3a  H2. 

TaKHM  o6pa30M,  b  HyneBOM  npnQjiHxceHHH  nojiyneHBi  pacnpe^enenHa  KOHneHXpauHH  h 

TeMnepaTypti  no  nJiHHe  TXP.  /JajibHenmee  yxoHHeHHe  jierKO  CAenaxB,  noncxaBHB  nojiyneHHoe 

pacnpe^ejieHHe  xeMncpaxyprx  (4)  bo  Bxopoe  ypaBHeHHe  (3)  pm  6onee  xoHHoro  onpenejieHHH 

KOHpeHxpapHH  MexaHa,  a  Bcae/j,  3a  sxhm  -  h  Bcex  zipyrax  KOMnoHeHxoB. 

B  AOKJia^e  npHBe^eiibi  pe3yjibxaxbi  pacnexoB  bjihhhhh  pa3JiHHHbix  (JjopM  pacnpe/iejieHHH 

xennoBoro  noxona,  nocxynaiouiiero  Ha  noBepXHocxb  xepMOXHMHHecicoro  peaxxopa,  Ha 

xeMnepaxypy  h  KOHUCHxpaumo  MexaHa.  PaccraxaHO  pacnpeAeaenna  KOHneHxpanHH  ra30B, 

xeMnepaxypbi  h  cxeneHH  KOHBepCHH  MexaHa  no  /yiHHe  TXP. 


5.  OIJEHKA  H3MEHEHJW IIAPAMETPOB  IIJIA3MBI  IIPOflYKTOB  CIOPAIiMB 
nPH  nPOXO^EHHH  AKYCTHHECKHX  BOJIH  C  HCII0JIB30BAHHEM 
nPHBJIH^CEHHOrO  PEIIIEHHJI  YPABHEHHH  TPXHCHflKOCTHOft  MO^EJIH 

nJIA3MBI 

B.B.KyHHHCKHii,  A.B.Hhkhtchko,  B.C.IIepByxHH,  H.B.Tpo<j>HMOB,  K).H.<J>hjihmohob 

Haymio-ucoiedoeamejibCKoe  npednpmmue  aunep3eyKoeux  cucmeM,  CanKm-nemep6ypa 


npH  pa3pa6oxKe  hobbix  MexonoB  aHaraocxHicH  xennoBBix  flBHraxejien  nyxeM 
H3MepeHHa  3neKxpo(J)H3HHecKHX  napaMexpoB  nJia3Mbi  nponyxxoB  cropaHHH  xpeSyexca 
oneHHXb  cbh3b  MeyKpy  ochobhbimh  xapaKxepHCXHKaMH  aBHraxejw  (xeMnepaxypofl  h 
nyjibcannoHHOH  cocxaBjiniomeH  naBJieHHx)  h  Be.XHHHHa.MH  H3MepaeMBix  noxeHUHanoB  h 
ripoBonHMOcxeH  [1].  B  noKjiane  npennojKeH  h  HcnojiB30BaH  npocxon  Mexon  opeHKH  noxeHimajia 
h  nnoxHocxH  xoxa  Ha  ocHOBe  npn6jiHX(eHHoro  peineHna  cncxeMBi  ypaBHeHHH,  onHCBroaiomHx 
HH3KoxeMnepaxypHyio  njia3My  nponyxxoB  cropaHHH  b  xpexmxinKocxHOH  MonejiH. 

CncxeMa  HecxannoHapHBix  ypaBHeHHH  BKjnonaex  b  ce6a  ypaBHeHHH  abhhcchhh 
aneKxpoHHoro  h  HOHHoro  KOMnoHeHxoB 


dt  e  )  e  u 


\Ue  —Ua)  +  Vpe  - eneE  =  0 , 


hm,{jt +U‘V)Ui  +TL(I7‘- ~u°)  +  Vp‘  +en‘E  =  0  ’  (2) 

ypaBHeHHe  HOHH3anHOHHoro  paBHOBecna  cpe^Bi  b  4>opMe  Caxa,  npeflcxaBjiaeMoe  b  BH^e 
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3 


(l-a)(l  +  i/) 


=  s(jc,0  =  6.666798  10'2  —  e~k 


3EBHCHM0CTH  flJIH  Cpe^HeMaCCOBWX  IIJIOTHOCTH  H  CKOpOCTH 

__  m^  +  m^  +  m^l-a)  F.  ^  _  meUetj  +  miUia  +  maUa{\  -a) 
z  1  +  t]  kT  ’  1  »i,i/  +  AH(a  +  /Ma(l-a) 

ypaBHeHne  Hepa3pbiBHOCTH  noTOKa,  ypaBHeHHe  coxpaHeHHa  3apjma  h  ypaBHeHHe  IlyaccoHa 

=  0,  ^q  +  V0k=O,  VE--q  =  0.  (5) 

dt  dt  en 


_  e  |;hm  (l  +  ti)kT  e  brm,  ( \  +  ti)kT 

3^ecb  «  = - J - - — — — -  H  U.  = - ,  - L- - 1 - nOflBH^CHOCTH 

V  8AF  (1  -  a)PE  '  m  ,fito  V  8*7  (1  -  a)P* 

Pv(a-J/) 

3JieKTpOHHOrO  H  HOHHOro  KOMnOHeHTOB  COOTBeTCTBeHHO,  q  =  e— -  -  JIOKajIbHafl 

kT(l+tj) 

p ’ 

iuiothoctb  HeKOMneHCHpoBaHHoro  (H36biTOHHoro)  3apw,  =  e(aU ,  -  qU  e) - - - 

(1  +  tj)kT 

KOHBeKTHBHaJI  COCTaBJMIOIHaH  IIJIOTHOCTH  3JieKTpHHeCKOrO  TOKa. 

CHCTeMa  CBO^HTCH  K  BOCbMH  JIHHeHHO  He3aBHCHMbIM  COOTHOUICHHHM  MOK^y  fleCHTbK) 

(JjyHKpHaMH:  Ue,Ui,Ua,pj:,UL,a,q,E,Pr:,T .  CncTeMa  3aMbiKaeTca  npeflnojio>KeHHeM  o  tom, 
hto  4>yHKUHH  Pl,T  Kax  onpeflejiaiomHe  xapaKTep  aKycTHHecKHX  B03fleHCTBHH 
paccMaTpHBaiOTCH  Kax  H3BecTHbie 

Px. ==  Po  1  +  c cos( x ) sin(2^/i, f0t)  ,T =  F0  1  +  ccos  ^hJ±x  sm{2nnif0t)  .  (6) 

a0  V  ao  / 

Bcro  coBOKynHocTb  Bbipa^eHHH  (l)-(6)  yaaeTca  cbccth  k  cncxeMe  Tpex  ypaBHeHHH 

OTHOCHTeJlbHO  HeH3BeCTHbIX  OTHOCHTejIbHbIX  CKOpOCTeH  3JieKTpOHOB  Uf  =Ue/UQ,  HOHOB 

jSkT 

=  Ui  IU0  (U0=  - 1 )  h  CTeneHH  hohh3euhh  a  : 

V  nme 

^  =  -Ka«,^  +  Kl!±^--K.F  +  K1E, 
or  dz  pe 

^-K^  +  K^^-fc-K.^F  +  K^E,  (7) 

fa  &  Pe  Qea  \  «,  «| 

da  _  a  r  ds  „  5  f aUi-qut  Yl 


—  =  — - - — —  (1-a2)  —  -K0a—  — J — - 

dr  a  +(1  + a  )s  dr  1  +  q 


Ko=- 


— - =  310,  K,=— — ,  K1  =—  — - — 

7Z7Mayi?  mef0  f0  \  8*7>a 


7T  5  £*1^ 

F  =  —  2^csin(2^)sin(2^r)  —  + -  +— —  ,  g  =  1  +  csin(27rr)cos(27rz)  . 

8 1_  \2  kT0g )  adz  J 

ripeHeSperaa  cxopocTbio  hohob  h  aTOMOB  no  cpaBHeHHK)  co  cxopocTbio  aueicrpoHOB  n 
noflCTaBJi£H  cooTBeTCTByiomHe  MHcneHHbie  3HaneHHH,  nojiyHHM  cncTeMy  H3  flByx  ypaBHeHHH 

o  _  Z 

-^  =  -K0ue-^—K34gue+K4\wdz-KoF,  W  =  a(l  +  s)-s/a  , 

nr  n7  * 


(8) 


65 


da 

dr 


K,ue 


da 


a 


1  +  a1 1 s  dz  1  +  a Is 


rr  dur 
Kn—^  + 


dz 


2  nc 
8 


eV 


3 

XkT,g) 


(cos(2^)cos(2^r)  -  K0ue  sin(2^)sin(2ar)) 


IIpo  He6oJibuiHX  aMiunny/iax  aKycxHHecKHX  bojih  (c«1)  h  xapaxxepHbix  Jinn  JKP/1 
^aBJieHHax  h  TeMnepaTypax  H3  nepBoro  ypaBHeHHH  (8)  mo>kho  nojiyHHXb  npnSjiHJKeHHyio 
(|)opMyjiy  jxnn  ouchkh  Ue  =ueU0. 


PemeHHe  ypaBHeHHH  (8)  npoBO^HJiocb  HxepaijHHMH  Mexono.M  xapaKxepncxHK. 

Pe3yjibTaTbi  BbiHHCJieHHH  h  nojiyneHHbie  (JiopMyjibi  iiosbojihiox  cflejiaxb  cjienyiomHe 

BbIBOAH. 

npH  cpaBHHTejibHo  6ojibiiiHX  noTeHiinaJiax  hohh33Hhh  v  >  1 0  sB  cxopocTb  ajieicxpoHOB 
nponoppHOHajibna  nacxoxe  h  oopaTHO  nponoppHOHajibHa  AaBJieHHio.  H3  Bxoporo  ypaBHeHHH 

(8)  BHflHO,  HXO  CXeneHb  HOHH3aiJHH  a  «  Vs  H  3aBHCHX  OX  JiaBJieHHH  H  HaCXOXbl  XOJIbKO  Hepe3 
33BHCHMOCXb  CKOpOCXH  OX  j.  CoOXBeXCXBeHHO,  HJIOTHOCTb  XOKa 


/  =  enU„  «  ea — —U 

J  e  e  «  m  i 

kTn 


nponopuHOHajibHa 


nacxoxe. 


H  CKopocxb,  h  nnoxHocxb  xoxa 


nponopuHOHanbHbi  aMnjiHxy/ie  MonyjiHHHH  c  . 

rioJiyHeHHbie  <f>opMyjibi  no3BOJiHiox  c  nocxaxoHiio  xopomeM  xohhocxbio  npoBOHHXb 
ouieHKH  bjihhhhh  aicycTHHecKoro  B03MymeHHH  Ha  JioKanbHbie  xapaKxepncxHKH  nna3Mbi 
npo^yKxoB  cropaHHH.  npenJioxceHHbiH  Mexon  ohchok  Moacex  6bixb  nojie3eH  npH  pa3pa6oxKe 
AHarHocxHHecKHX  MexonoB  h  HCCJienoBaHHHX  axycxHHecKHx  bojih  b  HH3KoxeMnepaxypH oh 
njia3Me. 


Jlnxepaxypa: 

1.  A.JI.  KypaHOB,  B.B.KynHHCKHH,  B.A.IlHHHyK,  IO.H.Ohjihmohob. 
3jieKxpo<J)H3HHecKHe  HBJieHHH  h  npoxo>KHeHHe  yjjapHbix  h  axycxHHecKHx  bojih  b  njia3Me 
npojiyKxoB  cropaHHH.  «IIojiex».  2004,  N°**,  exp.***. 


6.  IIPOEJIEMM  KATAJIH3A  nPH  nOJIYHEHHH  BO^OPOM 

BjiacoB  E.A.,  *KypaHOB  A.JI.,  *Kopa6ejibHHKOB  A.B.,  IIocthob  A.KX,  IIpoKoneHKO  A.H. 

CaHKm-IIemepdypecKuu  zocydapcmeenubiu  mexHOJiozmecKuu  memumym  (mexmmecKuu 
yuueepcumem),  *OAO  «HMlirC»  XK  «JIenuHeij» 

K  XX  cxoJiexHK)  nojiHOCXbio  c(J)opMHpoBajiacb  OKOHOMHica,  ocHOBaHHan  Ha  HcxonaeMbix 
xonjiHBax  (yrjie,  HeifixH,  ra3e).  0/iHaKO  HeyKJioHHO  B03pocJio  hhcjio  h  nacxoxa  SKOJiorHHecKHx 
Kaxacxpof}):  KHCJioxHbie  hojkhh,  napHHKOBbiH  sfJxJieKx,  030H0Bbie  flbipw,  CMor  h  jip. 
AjibxepHaxHBHbiM  xonjiHBOM  Moxcex  6bixb  Boaopoji  hjih  xonjiHBHbiii  ra3,  c>KHraHHe  Koxoporo  He 
jjaex  Bpe^Hbix  BbiOpocoB.  OcHOBHbie  nojioxceHHH  ctjiopMHpoBaHHOH  b  HacxoHiiiee  BpeMH 
KOHuenuHH  bohopo^hoh  3HeprexHKH  cjieayiomHe:  1)  npoH3BoncxBO  Boflopona  H3  bohh  c 
Hcnojib30BaHHeM  HeB03o6HOBJiHeMbix  (yrojib,  npHpoHHbiH  ra3,  axoMHan  SHepran  h  x.a.)  h 
B03o6HOBJiHeMbix  hcxohhhkob  3HeprHH  (cojiHHe,  Bexep,  6noMacca  h.xjh);  2)  xpaHcnopxnpoBKa 
h  xpaHeHne  Bonopo^a;  3)  Hcnojib30BaHHe  Bonopo^a  b  npoMbiuuieHHOCxH,  Ha  xpaHcnopxe  h  b 
6bixy;  4)  npoOneMbi  HaneHCHoexH  BOHopoaHOH  xcxhhkh  h  6e30nacH0cxn  BOflopoflHbix 
SHeprexHHecKHx  cncxeM  h  npo6jieMa  KOHexpyKHHOHHbix  h  (JiyHKiiHOHajibHbix  MaxepnajioB 
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(KaTajiH3aTopbi,  MewSpaHbi,  HaxonHTejin  Bo^opoaa  Ha  ocHOBe  Gnaropo/mbix  h  peflxnx 
3JieMeHTOB). 

CaeaveT  otmcthtb  eme  o^Hy  npoSneMy,  cBJoaHHyio  c  BoaopoaHOH  6e3onacHOCTbio 
aTOMHtix  aaeKTpocTaHUHH  (A3C),  xoTopaa  ocHOBbiBaeica  Ha  npHMeHeHHH  aBTOMaTHnecxHx 
cpeacTB  peryanpoBaHHa  h  Hcnojib30BaHHH  cnennajibHbix  Mep  no  3amnTe.  TIocaeaHee  BXjnonaeT 
Kax  KOHTpoab  KOHneHTpannn  Boaopoaa  b  cjiy>xe6Hbix  noMeineHHHX,  Tax  h  aKTHBHoe 
KaTajiHTHHecKoe  oxHCJieHHe  H2,  o6pa3yromeroca  npn  aBapHH  b  cncieMax  oxaaxcaeHna 
aKTHBHOH  30Hbi.  npo6jieMbi  nonyneHHfl  Boaopoaa  TecHO  CBJnaHbi  Tax>xe  c  peajiH3aunen 
KaiajiHTHHecKHx  nponeccoB  b  cnennajibHO  cKOHCTpyupoBaHHbix  KOHBepTopax,  b  xoTopbix 
oaHOBpeMeHHo  npoTexaioT  3x30-  h  SHaoTepMHHecKHe  nponeccbi.  KaTaan3aTopbi  ana  Taxnx 
peaKTopoB  Ha  ochobc  BbicoxonopncTbix  anencTbix  MaiepHaaoB  MoryT  6biTb  c  ycnexoM 
ncnojib30BaHbi  n  ana  noayneHHa  Boaopoaa  H3  yraeBoaopoaHbix  ra30B  ana  TonnnBHbix 
aaeMeHTOB. 

Ee3ycaoBHO,  npon3BoacTBO  h  ncnoab30BaHHe  Boaopoaa  h  TonanBHbix  ra30B  He  MoaceT 
6biTb  peann30BaH0  6e3  KaTaan3aTopoB.  CymecTByiomHe  pa3pa6oTKH  xaTaansaTopoB 
6a3HpoBaancb  Ha  HaynHbix  aocTHncemiax  60-70  roaoB  npomaoro  CToaeTna,  ncnoab3ya 
TpaannHOHHbie  MeToabi  npnroTOBaeHHa  (cMemeHna,  coocaacaenna,  nporiHTKn).  OaHaxo 
ycnexH  HaHOTexHoaoniH  3a  nocaeaHne  roabi  3acTaBHan  nepecMOTpeTb  cymecTByiomne 
cocTaBbi  h  TexHoaorHH  npHMeHaeMbix  KaTaaH3aTopoB.  Illnpoxo  Hcnonb3yeMbie 
(MoaexyaapHoe  HacaaHBaHHe,  naa3MeHHoe  HanbiaeHHe,  3oab-renb  MeToa,  MexaHO-xHMHnecxoe 
aKTHBHpoBaHne,  raaporepMaabHoe  MoaH^nunpoBaHHe),  a  Taxace  HOBbie  nepcnexraBHbie 
HaHOTexHoaornn  (aa3epHoe  saexTpoaHcneprapoBaHHe,  3xcTpaxnnoHHO-nHpoaHTnaecxHH 
cnoco6  h  apyrne)  oTxpwBaiOT  uinpoxHe  bo3mo>khocth  no  yaynmeHHio  cbohctb  xaTajiH3aTopoB, 
peuieHHio  npo6aeM  noayneHHa  TonanBHbix  ra30B. 

flaa  ycneuiHoro  pemeHna  3aaan  npn  noayneHHH  Boaopoaa  h  TonanBHoro  ra3a  b 
SaHacanurae  roabi  noTpe6yioTca  cnennanncTbi  pa3JiHHHoro  npotjjnaa,  b  tom  nncae 
noaroTOBaeHHbie  b  oOnacra  xaTanH3a,  Tenno(j)H3HXH,  xhmhh  h  lexHoaornn  xaTanH3aTopoB  h 
cop6eHTOB,  4,H3HKe  H  xhmhh  ropeHHa  TonaHBa,  KOHCTpyHpoBaHHa  h  ynpaBaeHHa 
xaTaaHTHHecxHMH  xoHBepTopaMH  h  apyrnx  pa3aenax  coBpeMeHHOH  Hayxn. 


6.  PROBLEMS  OF  CATALYSIS  AT  HYDROGEN  PRODUCTION 

Vlasov  Ye. A.,  *Kuranov  A.L.,  *KorabeInikov  A.V.,  Postnov  A. Yu.,  Prokopenko  A.N. 

St.  Petersburg  state  technological  institute  (Engineering  University) 

**  Hypersonic  Systems  Research  Institute  of  the  Leninetz  Holding  Company,  St.  Petersburg 

By  the  20th  century,  the  economy  based  on  fossil  fuels  (coal,  oil,  gas)  has  been  fully 
shaped.  But  at  the  same  time,  ecological  disasters  such  as  acid  rains,  greenhouse  effect,  ozone 
holes,  smog,  etc.  are  steadily  growing  in  number  and  frequency.  Hydrogen  or  fuel  gas  the 
combustion  of  which  does  not  result  in  harmful  emissions  could  be  used  as  alternative  fuel. 
Fundamental  tenets  of  the  present  day  hydrogen  energy  conception  are  as  follows: 

1.  Hydrogen  production  from  the  water  using  non-renewable  (coal,  natural  gas,  nuclear 
energy,  etc.)  and  renewable  energy  sources  (sun,  wind,  biomass,  etc.); 

2.  Hydrogen  transportation  and  storage; 

3.  Industrial,  residential  and  transportation  hydrogen  usage; 

4.  Reliability  issues  of  hydrogen  engineering  and  safety  of  hydrogen  energy  systems;  the 
problem  of  construction  and  function  materials  (catalysts,  membranes,  hydrogen 
collectors  on  the  basis  of  noble  and  rear-earth  elements). 

One  more  problem  associated  with  hydrogen  safety  of  nuclear  power  plants  needs  to  be 
mentioned  here.  It  is  based  on  the  usage  of  automatic  control  systems  and  special  protection 
measures.  The  latter  includes  both  monitoring  of  hydrogen  concentration  in  the  indoor  offices 
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and  active  catalytic  oxidation  H2  resulting  from  emergency  cases  in  the  cooling  systems  of  active 
zone.  The  problems  of  hydrogen  production  are  also  closely  connected  with  realization  of 
catalytic  processes  in  specially  designed  converters  wherein  exothermic  and  endothermic 
processes  occur  at  the  same  time.  The  catalysts  for  such  reactors  on  the  base  of  highly  cellular 
materials  can  be  successfully  used  for  the  hydrogen  production  from  hydrocarbon  gases  for  the 
fuel  elements. 

It  goes  without  saying,  that  production  and  usage  of  hydrogen  and  fuel  gases  can  not  be 
realized  without  catalysts.  The  existing  catalyst  samples  have  been  developed  on  the  basis  of 
scientific  achievements  in  the  sixties-seventies  of  the  last  century  using  traditional  preparation 
techniques  (such  as  mixing,  co-precipitation  and  impregnation).  But  accomplishments  of  n- 
technology  over  the  last  years  have  caused  revision  of  the  existing  compositions  and  catalyst 
processing  techniques.  Extensively  used  molecular  lay-up,  plasma  spraying,  sol-gel  method, 
mechanochemical  activation,  hydrothermal  modification  and  also  new  advanced  n-technologies 
(such  as  laser  electrodispersion,  extraction-and-pyrolysis  technique  and  others)  open  up  new 
opportunities  for  enhancement  of  catalyst  properties  and  solution  of  the  problems  associated  with 
fuel  gases  production. 


7.  TEPMO^HHAMHHECKOE  OEOCHOBAHHE  BEIEOPA  CEIPEfl  /JJW 

TOIDIHBHMX  3JIEMEHTOB 

IleTpaHeHKOBa  A.C,  Kotob  JlaBpHHep  E.H,  IIocthob  A.K) 

CaHKm-TIemepdypzcKuu  zocydapcmeenubiii  mexnojioemecKuu  UHcmumym 

(T sxHmecKuii  ynueepcumem) 

nopTaTHBHbix  h  HH3xoxeMnepaxypHbix  xonnHBHbix  aaeMeHxoB  b  xanecxBe 
nepcneKTHBHoro  cupba  MoryT  6bixb  ncnoab30BaHbi  oprannuecxne  khcjioxm,  cnnpxbi,  xexonbi  h 
ap.,  H3  KOTOpbIX  npaMbIM  3JieKXpOOKHCJteHHeM  HJIH  KOHBepCHeH  BO/XHbIX  paCXBOpOB  Ha 
naaTHHOBOM  xaxanH3axope-aHoa;e  bo3moxcho  nonyuenne  Bonopona.  B  pan non  paGoxe  npoBeneH 
XepMO/tHHaMHHeCKHH  aHaJIH3  pxm  XHMHHeCKHX  npeBpameHHH  C  06pa30BaHHeM  H2  H  OKCHAOB 
yraepona. 

J\m  nonyuenna  Bonopona  6  bin  npennoaceHbi  peaxnnn  pa3noaceHnn  h  KOHBepcHH 
opraHHuecKHX  BeinecxB  c  o6pa30BaHneM  Bopopona  h  oxchpob  yrnepona  II  h  IV: 


HCOH  =  H2+  CO 

(1) 

C2H5OH  =  3H20  +  CO  +  C 

(6) 

HCOH+  H20  =  2H2+  C02 

(2) 

CH3COOH  =  2H2+  2CO 

(7) 

HCOOH  =  H2+  C02 

(3) 

CH3COOH  +  2H20  =  4H2+  2C02 

(8) 

C2H5OH  +  3H20  =  6H2+  2C02 

(4) 

CH3OH  +  H20  =  3H2+  C02 

(9) 

C2H5OH  +  H20  =  4H2  +  2CO 

(5) 

CH3OH  =  2H2+  CO 

(10) 

Pacnex  H3o6apHO-H30xepMHHecxnx 

noxeHnnaaoB  (AGj)  npenaaraeMbix 

peaxnnn 

npoH3Bo^HJiH  no  Mexoay  TeMKHHa-  IIlBapitMaHa  b  HHxepBane  TeMnepaTyp  ox  25°C  zto  450  °C. 
Zina  oneHKH  SHepreTHnecKHX  B03ivio>KHocxeH  paccMaTpHBaeMbix  peaxnnn  paccnuxana  BennnnHa 
yneabHon  SHeproeMxocxn  00  (Bt/(h-cm3))  no  ypaBHeHHio:  co  =  AGj  -p/(3600-M),  me  p  - 
naoxHocxb,  t/cm3;  M-MonapHaa  Macca,  r/Moab.  Tax  xax  b  naeanbHon  anexxpoxHMHHecxon 
cncTeMe  nponcxonnx  xepMonHHaMHnecxn  oOpaxHMOe  npeBpameHne  xiiMnuecKiix  BeinecxB,  xo 
MaxcHMaabHaa  aaexxpnnecxaa  pa6oxa,  coBepmaeMaa  npn  sxom,  paBHa  H3MeHeHnio  rooOapHo- 
H30xepMHnecxoro  noxerntnana.  IIoaxoMy  ausuim  ynenbHon  3HeproeMxocxn  xapaxxepH3yex 
xeopexHHecxne  (xepMonHHaMnnecxne)  3HeprexHHecxne  cBoncxBa  pa3nnHHbix  BentecxB. 

C  xonxn  3peHna  xonnnecxBa  Bonopopa,  Bbmeaaioineroca  npn  pa3ao>xeHHH  1  Moaa 
HcxonHoro  peareHxa,  HanOonee  nepcnexxnBHbiM  cbipbeM  oxa3HBaioxca  axaHoa  (6  Moaen  H2  no 
peaxnnn  (3)  n  4  Moaa  no  peaxnnn(6)),  yxcycHaa  xncaoxa  (4  Moaa  H2  no  peaxnnaM(4)  n  (9))  n 
MexaHoa  (3  Moaa  H2  no  peaxnnn(5)).  TepMonHHaMHHecxnn  aHanro  aaHHbix  peaxnnn 
noxa3biBaex,  nxo  ohh  He  Moryx  6bixb  peaan30BaHbi  npn  HH3xnx  xeivmepaxypax.  KoHBepcna 
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MeiaHOJia  cxaHOBHXca  xepMonHHaMHHecKH  bo3mom(hoh  npn  TeMnepaType  Bbime 
50°C.OcTajibHbie  H3  nepeHHCJieHHbix  BemecTB  pa3Jiaraioxcji  npn  3HanHxejibHO  6ojibiiiHx 
TewnepaTypax,  hxo  HOKenaxeubHO  juih  Hcnojib30BaHHJi  b  xonjiHBHbix  aneMeHxax.  FloaxoMy 
B03HHKaex  HHxepec  k  peaioiHJiM,  .zjaiomHM  mchbuimh  Bbixozi  no  Bonopoay,  ho  npn  sxom 
nponcxonamHx  npH  hh3khx  xeMnepaxypax.  TaxoBbiMH  hbjijhoxch  peaxuHH  (1),  (2),  (6). 

AHajiH3  3aBHCHMOCXH  BejiHHHHbi  3HeproeMKOCXH  ox  xeMnepaxypbi  noica3biBaex,  hxo 
HaH6ojiee  nepcneKXHBHbiM  cbipbeM  aim  cnHxe3a  BOflopofla  b  xonjiHBHbix  sjieMeHxax  HBJiaexcH 
(JjopMajib^erxm  h  MypaBbHHan  KHCJioxa.  FIpH  sxom  caenyex  3aMexnxb,  hxo  c  yBejiHneHHeM 
xeMnepaxypbi  yaejibHbie  SHeproeMKoexn,  cooxBexcxByiomHe  peaKimaM  (4)  h  (9)  pacxyx  ropaxno 
6bicxpee,  h  npn  xeMnepaxype  nopamca  400-450°C  HannHaiox  npeBbnnaxb  SHeproeMKocxb 
nepBon  peaKunn. 

npoBeaeHHbiH  aHajiH3  no3BOJiaex  roBopnxb  o  Heo6xonHMOcxn  Becxn  flajibHeninne 
nccae^OBaHHa  b  xpex  HanpaBJieHHax: 

•  pa3pa6oxxa  nopxaxnBHbix  xonjiHBHbix  xonjiHBHbix  3JieMeHxoB  Ha  ocHOBe 

MexaHOJia; 

•  pa3pa6oxxa  nopxaxnBHbix  xonjiHBHbix  xonjiHBHbix  ajieMeHXOB  Ha  ochobc 

(JjopMajibflrH^a  h  MypaBbHHOH  khcjioxbi; 

•  pa3pa6oxxa  npopeccoB  BbicoKoxeMnepaxypHon  KOHBepcHH  sxaHOJia. 


7.  THERMODYNAMIC  JUSTIFICATION  OF  FEEDSTOCK  SELECTION  FOR 

FUEL  ELEMENTS 

Petrachenkova  A.S.,  Kotov  D.N.,  Lavrinets  Ye.L,  Postnov  A.Yu. 

The  St.  Petersburg  State  Technological  Institute  (Engineering  University) 

Organic  acids,  alcohols,  ketones,  etc.  from  which  hydrogen  could  be  obtained  through 
direct  electrooxidation  or  conversion  of  water  solutions  on  platinum  anode  catalyst  could  serve 
as  a  promising  feedstock  for  the  portable  and  low-temperature  fuel  elements.  In  this  paper  we 
present  thermodynamic  analysis  of  a  number  of  chemical  transformations  resulting  in  H2  and 
carbon  oxides  formation. 

To  produce  hydrogen,  reactions  of  decomposition  and  conversion  of  organic  matters  with 
formation  of  hydrogen  and  carbon  oxides  II  and  IV  have  been  suggested: 


HCOH  =  H2  +  CO 

(1) 

C2H5OH  =  3H20  +  CO  +  C 

(6) 

HCOH  +  H20  =  2H2  +  C02 

(2) 

CH3COOH  =  2H2  +  2CO 

(7) 

HCOOH  =  H2  +  C02 

(3) 

CH3COOH  +  2H20  =  4H2  +  2C02 

(8) 

C2H5OH  +  3H20  =  6H2  +  2C02 

(4) 

CH3OH  +  H20  =  3H2  +  C02 

(9) 

C2H5OH  +  H20  =  4H2  +  2CO 

(5) 

CH3OH  =  2H2  +  CO 

(10) 

Calculation  of  isobar-isotherm  potentials  (AGt)  of  the  proposed  reactions  was  performed  in 
Tyemkin-Schwarzman  method  in  the  temperature  range  from  25°  C  to  450°  C.  To  evaluate 
energy  potentialities  of  the  reactions  under  considerations,  specific  energy  capacity  value  u  was 
computed  (W/h-cm3)  according  to  the  following  equation:  o  =  AGx  •  p  /  (3600  •  M) 
where  p  is  density,  g/cm3;  M  -  molar  mass,  g/mole. 

Inasmuch  as  in  the  ideal  electrochemical  system  thermodynamically  reversible 
transformation  of  chemical  matters  takes  place,  the  maximum  electric  work  performed  therewith 
is  equal  to  isobar-isotherm  potential  variation.  Therefore,  analysis  of  specific  energy  capacity 
characterizes  theoretical  (thermodynamic)  energy  properties  of  different  matters. 

From  the  quantitative  point  of  view  as  regards  hydrogen  obtained  at  decomposition  of  I 
mole  of  initial  reagent,  the  most  promising  feedstock  proved  to  be  ethanol  (6  H2  moles  as  per 
reaction  (3)  and  4  moles  as  per  reaction  (6);  acetic  acid  (4  moles  as  per  reactions  (4)  and  (9);  and 
methanol  (3  moles  of  H2  as  per  reaction  (5).  Thermodynamic  analysis  of  these  reactions  shows 
that  they  can  not  be  realized  under  low  temperatures.  Methanol  conversion  becomes 
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thermodynamically  possible  at  temperature  exceeding  50°  C.  The  rest  of  the  listed  matters 
decompose  under  considerably  higher  temperatures  which  is  undesirable  for  the  usage  with  fuel 
elements.  This  raises  the  question  to  the  reactions  with  lower  hydrogen  yield  but  occurring  under 
low  temperatures.  Such  are  reactions  (1),  (2),  (6). 

Analysis  of  the  amount  of  energy  capacity  dependence  on  temperature  reveals  that  the  most 
promising  feedstock  for  hydrogen  synthesis  in  fuel  elements  is  formaldehyde  and  formic  acid.  It 
needs  to  be  noted  thereat  that  with  temperature  increase  specific  energy  capacities  corresponding 
to  the  reactions  (4)  and  (9)  are  increased  more  rapidly  and  at  temperatures  ~  400-450°  C  begin  to 
exceed  energy  capacity  of  (1)  reaction. 

The  performed  analysis  suggests  that  further  investigations  should  be  focused  on  the 
following: 

•  development  of  the  portable  fuel  elements  on  basis  of  methanol; 

•  development  of  the  portable  fuel  elements  on  basis  of  formaldehyde  and  formic  acid; 

•  development  of  high-temperature  ethanol  conversion  processes. 


8.  nPOrPAMMHMH  IIAKET  RJW  MOflEJIHPOBAHHfl  KHHETH  H ECKHX 
nPOIfECCOB  H  3MHCCHOHHBIX  CIIEKTPOB  B  rA30PA3PB^HOH  IIJIA3ME 

JJ.B.Xiviapa,  IO.<D.KojiecHHHeHKo 

HHcmumym  Bucokux  TeMnepamyp  PAH,  Mocicea,  Poccm 

npezicTarsnen  nporpaMMHMH  naxeT  /uni  MoaejiHpoBaHHa  xmeTHnecxiix  npoi/eccoB  h 
3MHCCHOHH&IX  cneicrpoB  b  ra3opa3pa/mon  mia3Me.  Ilaxer  coctoht  H3  B3aHMOCBa3aHHbix 
nporpaMMHbix  6jiokob,  npe/tHa3HaneHHbix  riix  pemeHHa  Hexoiopbix  6a30Bbix  3a/tan,  CBa3aHHbix 
c  HepaBHOBecHBiMH  ra30BHMH  cpe/iaMH. 

CocTaBjiaiomHe  riaxera  o6pa3yiOT  c/ie/iyiomyio  nepapxmo: 

1 .  no/wepxcHBaeMaa  6a3a  /lanHbix  “BBASE  5”  XHMHHecxnx,  3Heproo6MeHHbix  h  3apa/io- 
bwx  peaximn  (okojio  6000  peaxnnii,  CBbime  1 5000  3annceh  /uia  KOHCTaHT  cxopocra  peaxnHH  H3 
6ojiee  1300  jiHTepaTypHbix  hctohhhkob  -  no  coctohhhio  Ha  KOHeu  MapTa  2006  r.), 

OnHCblBaiOUlHX  B03//yX  C  pa3JIHHHbIMH,  B  TOM  HHCJie  H  ropiOHHMH,  npHMeCHMH  B 
HepaBHOBecHbix  ycnoBHax; 

2.  nporpaMMa  HHCJieHHoro  pemeHHa  ypaBHeHHa  EojibUMana  /uia  pacnpe/iejieHHa  anexTpo- 
hob  no  anepmaM  b  ra30Bbix  cMecax  bo  BHemHeM  3JiexTpnqecxoM  none  “EEDF”,  CHa6aceHHaa 
6a30H  ziaHHbix  /uia  na6opoB  ceneHnn  ctojikhob6hhh  BJiexTpoH-HenTpaji  b  pa3JiHHHbix  ra3ax 
(HHepTHbix,  N2,  O2,  H2,  CO,  CO2,  O,  H,  yrjieBO/ioponax,  rajioreH3aMemeHHbix  yrneBO/jopo/tax 
H-T./t.); 

3.  reHepaTop  XHHeTHHecxnx  MexaHH3MOB  “KINGEN”,  CBH3aHHbin  c  “BBASE  5”  h  “EEDF” 
h  npe//Ha3HaqeHHbiii  /uia  CHHTe3a  h  HaKonJieHHa  6a3bi  //aHHbix  XHHeTnqecxnx  MexaHH3MOB 
“kinetic  mechanisms  database”  Taxnx,  HanpHMep,  xax  “cyxon  B03/tyx”  (N/O),  “BJia/KHbiH 
B03/iyx”  (N/O/H),  “ropionne  cmcch  B03/iyxa  c  yrneBo/iopo/iaMH”  (N/O/H/C); 

4.  nporpaMMa  pemeHna  chctcm  3BOJiK>UHOHHbix  ypaBHennh  /uia  xoHi/eHTpamra  BemecTB 
“KIN”,  ncnojib3yiomaa  b  xanecTBe  Bxo/tHbix  /iaHHbix  MexaHH3Mbi  H3  ’’kinetic  mechanisms 
database”,  Bxjnonaiomaa  cnpaBOUHiix  no  TepMo/nraaMHHecKHM  cBoncTBaM  HH/mBH//yajibHbix 
Beu/ecTB  n  BCTpoeHHbin  o6pa6oTHHK  cneKTpoB; 

5.  nporpaMMa  “SPECTRA  2”,  npe//Ha3HaqeHHaa  /uia  o6pa6oTKn  axcnepnMeHTajibHbix 
SMHccnoHHbix  cnexTpoB  aTOMOB  h  Monexyn  npn  ycjioBnn  Toro,  hto  peajibHbie  cneKTpbi 
aBJiaiOTCa  MHOrOKOMnOHeHTHbIMH. 

riporpaMMHbiH  naxeT  pa3pa6oiaH  /uia  onepai/HOHHOH  cncTeMbi  MS  Windows. 

ripHBe/ieHbi  TaK>Ke  npnMepbi  npHMeHeHna  naxeTa  npn  nccne/iOBaHnax  CBL1 
ra3opa3pa//Hon  nna3Mbi. 
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8.  SOFTWARE  PACKAGE  FOR  KINETIC  AND  SPECTRA  EMISSION  MODELING 

OF  GAS  DISCHARGE  PLASMA 

D.V.Khmara,  Yu.F.Kolesnichenko 

Institute  of  High  Temperatures  RAS,  Moscow 

Software  package  for  modeling  of  kinetic  processes  and  spectra  emission  of  gas  discharge 
plasma  is  introduced.  The  package  consists  of  interrelated  software  items,  which  are  assigned  for 
solving  of  some  basic  problems  connected  with  non-equilibrium  mediums. 

The  constituents  are: 

1 .  the  continuously  maintained  database  “BBASE  5”  for  chemical,  energy  exchange  and 
charged  reactions  (about  6000  reactions,  above  15000  records  of  rate  constants  from  above  1300 
literature  sources  -  at  the  end  of  March  2006)  is  adapted  for  non-equilibrium  air  with  various 
admixtures  included  the  combustible  admixtures; 

2.  the  solver  of  Boltzmann  equation  for  electron  energy  distribution  function  in  gas 
mixtures  “EEDF”  supplied  by  the  database  for  cross  sections  sets  for  various  gases  (the  noble 
ones,  N2,  02,  H2,  CO,  C02,  O,  H,  hydrocarbons,  halocarbons,  etc.); 

3.  the  generator  of  kinetic  mechanisms  “KINGEN”  joined  with  “BBASE  5”  and  “EEDF” 
and  assigned  for  the  storage  of  kinetic  mechanisms  database  (for  example  “dry  air”,  “humid  air”, 
“combustible  mixture  of  air  and  hydrocarbons”); 

4.  the  solver  of  the  set  of  kinetic  equations  for  species  concentrations  dynamics  “KIN”  with 
input  data  from  kinetic  mechanisms  database  is  included,  as  well  as  a  handbook  for 
thermodynamic  properties  of  individual  substances  with  corresponding  database  and  embedded 
spectra  processor; 

5.  the  spectra  processor  “SPECTRA  2”  is  adopted  for  processing  of  experimental  emission 
spectra  under  conditions  of  theirs  multi-component  composition. 

The  software  package  is  designed  for  Windows  environment.  Examples  of  the  package 
application  to  problems  of  MW  discharge  plasma  investigation  are  also  presented. 


